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FOREWORD 


This  compilation  of  thermophysical  property  data  was  prepared  by 
the  Heat  Transfer  Section  of  the  Fluid  Dynamics  and  Systems  Research 
Division  of  the  Armour  Research  Foundation,  Chicago,  Illinois,  under 
USAF  Contract  No.  AF  33(616) -5212.  This  contract  was  initiated  under 
Project  No.  7381,  "Thermophysical  Data  Consolidation”,  Task  No.  73812, 
"Thermophysical  Data  for  Solid  Materials”.  The  program  was  administered 
by  the  Materials  Laboratory,  Directorate  of  Laboratories,  Wright  Air 
Development  Division,  and  directed  by  Jules  1.  Wittebort,  Chief,  Thermo¬ 
physics  Branch. 

These  volumes  cover  work  carried  out  from  1  July  1957  to 
31  August  I960.  The  Materials  Index,  given  in  the  forward  portion  of 
this  volume,  was  arranged  with  the  advice  of  W.  H.  Coiner,  S.  W.  Bradstrpet 
and  J.  S.  Griffith  of  the  Ceramics  Research  Division. 

The  literature  search  was  conducted  by  the  staff  of  the  Technical 
Information  Research  Section. 

The  study,  evaluation,  and  compilation  phases  were  carried  out  by  the 
following  personnel  of  the  Heat  Transfer  Section:  W.  A.  Cans,  A,  Goldsmith, 
J.  I,  Lang,  H.  J.  Hirschhorn,  and  T.  E.  Waterman. 

Computation,  reading  of  published  graphs,  and  plotting  of  data  for 
tWs  publication  was  done  by  D.  Brast,  G.  Buzyna,  M.  Doahl,  S.  Chmol, 

A.  Karazija,  T.  Schmugge,  and  a  number  of  others. 

The  bulk  of  the  typing  of  reproducible  copy  was  done  by 
Mrs.  Mary  A.  Scroll. 

The  authors  are  particularly  grateful  to  Mr.  I.  B.  Fieldhousc, 
Supervisor  of  the  Heat  Transfer  Section,  for  his  guidance  and  encourage¬ 
ment  and  to  Mr.  S.  W.  Bradstreet,  Supervisor  of  Inorganic  Technology 
for  his  aid  in  the  area  of  Ceramics. 

The  entire  effort  at  the  Armour  Research  Foundation  was  directed  by 
Alexander  Goldsmith,  project  engineer. 
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ABSTRACT 


Thermophysical  property  data,  and  their  variation  with  temperature, 
are  presented  for  a  great  number  of  solid  materials,  based  on  literature 
published  during  the  period  1940-1957.  Each  reported  value  is  shown  and 
annotated,  and  recommended  "most  probable  value"  curves  are  given. 

Materials  covered  include  Elements,  Alloys,  Ceramics,  Cermets, 
Intermetallics,  Polymeries,  and  Composite  Materials.  Except  for 
materials  in  the  last  two  categories,  only  those  melting  above  1000®F  are 
included. 

Properties  covered  include  the  following:  Melting  point,  density, 
latent  heatfi,  specific  heat,  thermal  conductivity,  thermal  diffusivity, 
emissivity,  reflectivity,  thermal  expansion,  vapor  pressure,  and  electric 
resistivity. 

Each  of  the  four  volumes  is  designed  to  be  expansible,  and  it  is 
expected  that  additional  or  revised  data  sheets  for  inclusion  in  these 
volumes  will  be  forthcoming. 


PUBLICATION  REVIEW 
This  report  has  been  reviewed  and  is  approved. 

FOR  THE  COMMANDER:  ^ 

/  JULES  I.  WITTEBORT 
A  Chief,  Thermophysics  Branch 
^  Physics  Laboratory 
Materials  Central 
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THERMOPHYSICAL  PROPERTIES 
OF  SOLID  MATERIALS 


I.  INTRODUCTION 


At  the  initiative  of  the  Materials  Laboratory,  Wright  Air  Development 
Center,  and  under  its  sponsorship,  a  program  was  undertaken  to  compile, 
evaluate,  and  consolidate  all  original  test  data  on  thermophysical  properties 
of  solid  materials  published  during  the  period  1940-1957  inclusive.  This 
publication  contains  the  accumulated  information  and  represents  three  years 
of  effort.  The  data  are  presented  in  four  volumes,  divided  as  follows: 

1.  Elements 

2.  Alloys 

3.  Ceramics 

4.  Cermets,  Intermetallics,  Polymeries,  and  Composites 

Each  volume  is  designed  to  be  expansible  so  that  it  will  lend  itself  to  the 
inclusion  of  new  data  as  well  as  to  the  substitution  of  others.  Additional 
data  sheets  for  inclusion  in  these  volumes  will  be  published  when  available. 

The  collected  data  were  obtained  from  a  search  of  the  following 
sources:  (a)  Chemical  Abstiacts,  (b)  Ceramic  Abstracts,  (c)  Metallurgi¬ 
cal  Abstracts,  (d)  Nuclear  Science  Abstracts,  and  (e)  Armed  Services 
Technical  Information  Agency  (ASTIA) . 

A  detailed  description  of  contents  and  of  the  method  of  presentation 
of  data  is  given  in  the  following  several  pages. 


II.  MATERIALS 

Materials  included  in  this  survey  are  those  wliich  may  find  application 
in  the  design  of  aircraft,  missiles,  space  vehicles,  conventional  or  nuclear 
power  plants,  or  allied  equipment.  Generally,  only  materials  melting  above 
1000*F  arc  included;  exceptions  are  limited  to  the  categories  of  plastics  or 
composite  materials.  A  listing  of  materials  covered  in  the  literature  search 
is  given  in  the  Materials  Index,  which  is  described  in  Section  IV-A  below. 
This  index  also  serves  as  a  guide  to  the  arrangement  of  data,  and  as  a  page 
numbering  system.  Due  to  the  lack  of  published  data,  some  of  the  materials 
listed  in  the  inde.x  may  not  be  represented  by  data  sheets. 


Manuscript  released  by  authors  30  June  1960  for  publication  as  a 
WADC  Technical  Report. 
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m.  PROPERTIES 


Physical  properties  included  in  this  survey  are  the  following: 


Property 

Symbol 

1. 

Density 

P 

2. 

Melting  Point 

M.  P. 

3. 

Latent  Heat  of  Fusion 

Ah. 

4. 

Latent  Heat  of  Vaporization 

Ah^ 

5. 

Latent  Heat  of  Sublimation 

Ah'^ 

6. 

Specific  Heat  (constant  pressure) 

s 

c 

7. 

Thermal  Conductivity 

kP 

8. 

Thermal  Diffusivity 

a 

9. 

Emissivity,  Reflectivity 

€  ,  R 

AL/L 

10. 

Linear  Thermal  Expansion 

11. 

Vapor  Pressure 

P 

12. 

Electric  Resistivity 

r 

The 

first  five  properties  in  the  above  list 

are  given  as  single  point 

values,  in  individual  tables  grouped  on  a  single  sheet.  The  others  are  pre¬ 
sented  graphically  as  functions  of  temperature.  All  data  on  linear  thermal 
expansion  have  been  reduced  to  a  datum  of  ZO’C;  i.  e.  AL/L  =  0  at  528®R 
(293“K). 

IV,  CONTENTS 


Each  of  the  four  volumes  of  data  consists  of  four  sections  arranged 
in  the  following  order; 

1.  Introductory  remarks  and  explanatory  text 

2.  Materials  Index 

3.  Tables  of  Conversion  Factors 

4.  Body  of  Data 

The  fifth  volume,  or  Appendix,  consists  of  the  following  sections: 

1.  Introductory  remarks  and  explanatory  text 

2.  Materials  Inde.x 

3.  List  of  References 

4.  Author  Index  (alphabetic) 

A.  Materials  Index 


The  Materials  Index,  located  in  the  front  portion  of  each  volume 
following  these  introductory  pages,  gives  the  order  in  which  the  body  of  data 
is  arranged.  It  is  based,  with  few  exceptions,  on  the  chemical  composition 
of  materials,  and  is  arranged  in  outline  fashion.  It  can  have  four  orders  of 
subdivision  designated  by  Roman  numerals,  capital  letters,  common 
numerals  and  lower  case  letters  such  as: 
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Each  category,  even  in  the  lowest  order,  represents  a  family  of 
materials,  rather  than  a  specific  one,  so  that  the  number  of  individual 
materials  that  can  be  accommodated  is  virtually  unlimited.  The  index 
lends  itself  to  future  expansion. 

B.  Body  of  Data 

The  body  of  data  is  arranged  by  materials  in  the  order  of  the 
Materials  Index.  Properties  for  a  given  small  family  of  materials  are 
given  in  the  order  listed  in  Section  III  above.  Each  plotted  point  or 
numerical  value  in  the  body  of  daia  is  identified  as  to  source  by  reference 
to  the  List  of  References. 

C.  List  of  References 


The  List  of  References  gives  complete  bibliographic  notations 
for  all  the  references  from  which  usable  data  have  been  extracted.  These 
are  arranged  chronologically  by  year  of  publication,  and  in  an  arbitrary 
sequence  within  any  given  year. 

D.  Author  Index 


The  Author  Index  is  arranged  in  alphabetic  order  by  author's 
surname.  Coauthors  are  also  included.  Each  entry  is  cross-referred  to 
the  List  of  References  where  a  complete  bibliographic  notation  is  given. 


V.  METHOD  OF  PRESENTATION  OF  DATA 


A.  Format 


A  "unit"  of  information  in  this  volume  consists  of  a  single  sheet 
having  a  graph  on  one  face  and  reference  iaformation  on  the  back.  The 
first  hve  properties  listed  in  Section  III  above  are  referred  to  as  "point 
values"  and  are  grouped  together  as  a  "unit"  on  a  single  sheet  in  the  same 
manner  as  a  graph. 

D.  Pagination 


Each  volume  is  designed  to  be  expansible,  and  therefore'  is  not 
compatible  with  conventional  page  numbering.  The  system  adopted  is  as 
follows: 

The  body  of  data  is  arranged  by  materials  in  accordance  with  the 
Materials  Index  which  is  located  in  the  forward  portion  of  each  volume. 
Furthermore,  for  a  given  small  family  of  materials,  data  for  the  several 
properties  are  arranged  in  accordance  with  the  listing  given  in  Section  III 
above.  The  Materials  Index  designation  is  given  in  the  lower  right  corner 
of  each  graph  or  data  sheet  in  lieu  of  a  page  number.  This  identification 
is  not  unique  since  several  materials  of  the  same  family  carry  the  same 
designation,  but  it  guides  the  reader  to  the  approximate  location  of  the 
desired  information. 
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Materials  that  do  not  fit  into  any  subgroup  presently  listed  in  the 
Materieils  Index  are  designated  by  the  next  higher  order  grouping. 

Example:  Nickel- Silicon  alloys  are  not  specifically  identified 

as  a  family  grouping  in  the  Materizils  Index.  These 
therefore,  are  designated  by  the  next  higher  order 
of  subdivision,  namely,  Nickel-Base  Alloys, 
category  IV-A  in  the  index. 

Data  for  such  materials  are  located  at  the  end  of  the  group;  that  is,  after 
those  materials  which  do  fit  into  a  currently  identified  subgroup.  Within 
this  framework,  where  necessary,  data  sheets  are  further  arranged  in 
alphabetic  order  by  the  major  alloying  element.  It  is  expected  that  after 
the  initial  familiarization  with  this  arrangement,  the  user  will  be  able  to 
locate  the  desired  information  (or  convince  himself  of  its  absence)  with  a 
minimum  of  page-by-page  searching. 

A  unique  identification  of  each  sheet  is  provided  by  the  number  in 
the  lower  left  corner  of  the  sheet.  The  initial  two  digits  of  this  number  give 
the  year  when  the  sheet  was  prepared;  the  latter  digits  are  merely  a  numeri¬ 
cal  sequence  for  identification  purposes  only  and  serve  no  other  purpose. 

C.  Graph  Sheets 

Data  extracted  from  various  references  on  the  same  subject 
(material  and  property)  are  identified  on  each  graph  by  means  of  distinctive 
plotting  symbols.  These  syabols  indicate  the  data  of  a  given  investigator, 
but  do  not  necessarily  imply  actual  test  points.  In  numerous  instances  in 
the  literature  an  author  presents  only  smoothed  data,  either  graphically  or 
in  tabular  form,  and  it  is  frequently  impossible  to  distinguish  these  from 
actual  test  values. 

In  presenting  data  on  thermal  expansion,  an  investigator 
sometimes  gives  only  a  coefficient  of  expansion  for  a  con¬ 
siderable  temperature  rangc<  In  such  instances  it  is  assumed 
that  a  linear  relationship  is  implied,  and  in  plotting  such  data 
the  straight  line  may  be  indicated  by  more  than  the  two  end¬ 
points  in  order  that  the  given  investigator's  data  not  be  obscured 
by  those  of  others. 

With  regard  to  specific  beat,  some  investigators  present  only 
total  heat  content  of  the  material  above  a  given  datum,  and  make 
no  attempt  to  reduce  such  data  to  specific  heat.  In  such  instances 
the  investigator's  enthalpy  d.ata  wore  fitted  with  a  quadratic 
equation  of  the  form  AH  =  A+BT+  CT*  using  a  least-mean- 
square  procedure  to  determine  the  coefficients.  This  equation 
was  then  differentiated  with  respect  to  tompcraturc-to  obtain  a 
linear  variation  of  specific  heat  with  temperature.  Instances 
where  this  was  done  arc  so  indicated. 

Curves  drawn  through  the  plotted  points  are  deemed  "most  probable 
value"  curves  based  on  the  data  presented.  As  additional  information  from 
other  investigators  is  added  in  the  future,  it  may  be  necessary  to  modify 
these  curves. 
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D.  Point  Values 


The  first  five  properties  listed  in  Section  III  above  are  considered 
point  functions(at  standard  temperature  and  pressure  unless  indicated  other¬ 
wise)  and  are  grouped  in  individual  tables,  by  property,  on  a  single  sheet. 
Data  extracted  from  various  references  are  identified  by  distinctive  plotting 
symbols  in  the  same  manner  as  points  on  a  graph.  "Most  probable  values", 
usually  based  only  on  the  data  presented,  are  given  at  the  top  of  the  page. 

In  some  instances  where  data  were  not  available  from  the  current  survey, 
density  and  melting  point  information  was  taken  from  secondary  (nonoriginal) 
sources.  These  appear  only  at  the  top  of  the  sheet  and  are  identified  as  to 
source.  Melting  points  of  binary  alloys,  representing  the  solidus  line  on  a 
phase  diagram,  have  generally  not  been  included.  Many  of  these  are  given 
by  Hansen  and  Anderko  in  "Constitution  of  Binary  Alloys"  (Ref.  58-11) . 

E.  Reference  Information 


1 .  Symbol 

The  plotting  symbols  are  identical  with,  and  correspond  to 
those  used  on  the  face  of  a  given  graph  or  data  sheet. 

2.  Inve  stigator 

The  investigator,  or  author,  of  each  reference  is  identified 
by  name.  Coauthors  are  included. 

3.  Reference 


References  are  identified  by  hyphenated  numbers  such  as  00-00, 
which  serve  to  locate  the  bibliographic  entry  for  the  given  source  in  the  Ust 
of  References  in  the  Appendix.  The  initial  two  digits  indicate  the  year  of 
publication.  The  remaning  number  locates  specific  roferenco  within  the 
given  year. 

Example:  Ref,  54-7  is  found  in  the  Uist  of  References  under  the 
year  1954;  the  seventh  entry  of  that  year.  It  is  an 
article  by  R.  W.  Powell  entitled  "The  Thermal 
Conductivity  of  Beryllia", 

References  which  are  not  dated  are  identified  with  the  letters 
ND  in  place  of  the  year  of  publication,  such  as  ND-00.  Undated  references 
are  listed  at  the  end  of  the  List  of  References. 

4.  Range 

The  column  marked  "Range,  'R"  indicates  the  temperature 
range  covered  by  the  data  in  the  given  reference. 
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5.  Material  Composition 


This  column  contains  euay  pertinent  information  given  in  a 
reference  that  serves  to  describe  the  material  investigated.  Primarily  this 
consists  of  the  chemical  composition  of  the  material,  its  purity,  density,  and 
common  trade  name  when  given.  Where  a  material  was  identified  by  trade 
name  only,  the  nominal  composition  was  added. 

6.  Test  Method 

A  general  indication  of  the  test  method  used  by  the  investigator 
is  given  in  this  column.  While  test  methods  for  a  given  property  can  be  rea¬ 
sonably  grouped  into  several  broad  categories,  each  investigator  makes  his 
own  modifications  and  alterations  which  do  not  lend  themselves  to  brief 
description. 

7.  Remarks 

Pertinent  remarks  concerning  the  given  data  are  included  in  this 
column.  Such  remarks  may  describe  a  prior  treatment  of  the  material,  the 
environment  during  the  test,  the  author's  estimate  of  accuracy,  or  similar 
information. 
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MATERIALS  INDEX 

MAJOR  HEADINGS 

I.  ELEMENTS  (Melting  temperature  above  1000  “F) 

II.  IRON  BASE  ALLOYS 

lU.  COPPER  BASE  ALLOYS 

IV.  NICKEL  BASE.  COBALT  BASE  AND  REFRACTORY  METAL 
BASE  ALLOYS 

V.  LIGHT  METAL  ALLOYS  (Including  Ti  Alloys) 

VI.  OTHER  METAL  ALLOYS  (Melting  tempei’ature  above  1000*  E : 

VII.  CERAMICS  (Including  Glasses) 

Vin,  CERMETS 

IX.  INTERMETALLICS 

X.  POLYMERIC  MATERIALS  (Including  Plastics) 

XI.  COMPOSITE  MATERIALS 
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MATERIALS  INDEX 


I.  ELEMENTS  (Melting  temperature  above  1000  ®  F) 


Element 

Symbol 

I  -  A  - 

1 

Actinium 

Ac 

I  -  A  - 

2 

Aluminum 

A1 

I  A  - 

3 

Americium 

Am 

I  -  A  - 

4 

Antimony 

Sb 

I  -  A  - 

5 

Arsenic 

As 

I  -  A  - 

6 

Astatine 

At 

I  -  B  - 

1 

Barium 

Ba 

I  -  B  - 

2 

Berkelium 

Bk 

I  -  B  - 

3 

Beryllium 

Be 

I  -  B  - 

4 

Boron 

B 

I  -  C  - 

1 

Calcium 

Ca 

I  -  C  ^ 

2 

Californium 

Cf 

I  -  C  - 

3 

Carbon 

C 

I  -  C  -  4 
I  -  C  -  5 
I  -  C  -  6 
I  -  C  -  7 
I  -  C  -  8 


a.  Extruded  Acheson  graphite,  muJticrystalline 

b.  Extruded  Acheson  amorphous  carbon 

c.  Extruded  Acheson  graphite,  impregnated 

d.  Molded  Acheson  graphite,  multicrystalline 

e.  Molded  Acheson  amorphous  carbon 

f.  Molded  Acheson  graphite,  impregnated 

g.  Lampblack  -  base  carbon  or  graphite 

h.  Pyrolytic  graphite 

j.  Natural  graphite-base  graphite 

k.  Natural  graphite-base  carbon 

m.  Diamond 

n.  Single  crystal  graphite 
p.  Lampblacks 


Cerium  Ce 

Chromium  Cr 

Cobalt  Co 

Copper  Cu 

Curium  Cm 


I  -  D  -  1 


Dysprosium 


Dy 


I  -  E  -  1 
I  -  E  -  2 
I  -  E  -  3 

I  -  F  -  1 
I  -  F  -  2 


rinsteinium 

Erbium 

Europium 

Fermium 

Francium 


E 

Er 

Eu 

Fm 

Fr 
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I.  ELEMENTS  (Continued) 


Element 

Gynibol 

I  -  G  -  1 

Gadolini 

Gd 

I  -  G  -  2 

Germanium. 

Ge 

I  -  G  -  3 

Gold 

Au 

I  -  H  -  1 

Hafnix^r* 

Hf 

I  -  H  -  2 

Holmium 

Ho 

I  -  j  -  1 

Irid'  ’m 

Ir 

I  ^  J  -  2 

Iron 

Fe 

I  -  L  -  1 

Lanthanum 

La 

I  ^  L  -  2 

Lutetium 

Lu 

I  -  M  -  1 

Magnesium 

Mg 

I  -  M  -  2 

Manganese 

Mn 

I  -  M  -  3 

Mendeleviuni 

Mv 

I  -  M  -  4 

Molybdenum 

Mo 

I  -  N  -  1 

Neodymium 

Nd 

I  -  N  -  2 

Neptunium 

Np 

I  -  N  -  3 

Nickel 

Ni 

I  -  N  -  4 

Niobium  (Columbium) 

Nb 

I  -  N  -  3 

Nobelium 

No 

I  -  0  -  1 

Osmium 

Os 

I  -  P  -  1 

Palladium 

Pd 

I  -  P  -  2 

PI  a '.mum 

Pt 

I  -  P  -  3 

Pl  utonium 

Pu 

I  -  P  -  4 

Polonium 

Po 

I  -  P  -  5 

Praseodymium 

Pr 

I  -  P  -  6 

•Promethium 

Pm 

I  r-  7 

Px'otactinium 

Pa 

I  -  R  ~  1 

RadiutiA 

Ra 

I  -  R  -  2 

Rlxonium 

Re 

I  -  R  -  3 

Rhodium 

Rh 

I  -  R  -  4 

Ruthenium 

Ru 

I  -  S  -  1 

Samarium 

Sm 

I  -  S  -  2 

Scandium 

Sc 

I  -  S  -  3 

Silicon 

Si 

I  -  S  -  4 

Silver 

Ag 

I  -  S  -  5 

Strontium 

Sr 
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ELEMENTS  (Continued) 


Element 

Symbol 

I  -  T  - 

1 

Tantalum 

Ta 

I  -  T  - 

2 

Technetium 

Tc 

I  -  T  ~ 

3 

Terbium 

Tb 

I  -  T  - 

4 

Thorium 

Th 

I  -  T  - 

5 

Thulium 

Tm 

I  -  T  - 

6 

Titanium 

Ti 

I  -  T  - 

•7 

Tungsten 

W 

I  -  U  - 

1 

Uranium 

U 

I  -  V  - 

1 

Vanadi%mi 

V 

I  -  Y  > 

1 

Ytterbium 

Yb 

I  -  Y  - 

2 

Yttrium 

Y 

I  -  Z  - 

i 

Zirconium 

Zr 
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n.  IRON  BASE  ALLOYS 

(Iron  greatest  weight  fraction  with  one  or  more  other  elements. ) 

A.  Plain  Carbon  Steels  (Mn  <  2.  5 ^o;  Si<!0.  SbfoJ  P»  S  < 0.  051  each) 

1.  0.  02  <C  <  0,20^0 

2.  0.  20  <C  <  0.40r, 

3.  0.40  <C  <  O.bOr, 

4.  0.60  <C  <  0.80^0 

5.  0.  80  <C  <  l.OOr, 

6.  1.00  <C<  1.201 

7.  1.20  <C<  1.501 

8.  1.  50  <C<  2.001 

B,  Cast  Irons 

1.  Gray,  unalloyed  and  low  alloy  (Less  than  2l  total  alloying 
elements  exclusive  of  C,  Mn  <C  ll,  Si,  P,  S) 

2.  Gray,  alloyed  (More  than  2l  total  alloying  elements 
exclusive  of  C,  Mn<!ll,  Si,  P,  S) 

3.  White,  unalloyed  and  low  alloy  (Less  than  Z%  total  alloying 
elements  exclusive  of  C,  Nin  <  ll,  Si,  P,  S) 

4.  White,  alloyed  (More  than  Ef,  total  alloying  elements 
exclusive  oit  Mn<11^o»  Si,  P,  S) 

5.  Malleable,  Ferritic 

6.  Malleable,  Pearlitic 

7.  Nodular,  Ferritic 

8.  Nodular,  Peatlitic 
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II. 


IRON- BASE  ALLOYS  (Continued) 


C.  Low  Alloy  Steels  (Less  than  10 of  any  single  alloying  element, 
exclusive  of  C;  Mn  <2.  Si  <0.  36fo;  P»  S  <0.051fo  each. 
Alloying  elements  listed  in  decreasing  order  of  their  weight 
fractions.  X  may  be  none,  one,  or  more  elements; 

X  =  Xj  +  +  .  .  .  ) 

1.  Fe  +  Ni 

2.  Fe  +  Ni  +  Cr  +  X 

3.  Fe  +  Ni  +  Mo  +  X 

4.  Fe  +  Ni  +  X  (Xj  Mo,  Cr) 

5.  Fe  +  Mo  +  X 

6.  Fe  +  Cr  +  X  (Xj  ^  Mo) 

7.  Fe  +  Cr  +  Mo  +  X 

8.  Fe  +  W  +  X 

9.  Fe  +  Si  +  X 

D.  High  Alloy  Steels  (More  than  10  fo  of  any  single  alloying  element 
exclusive  of  C;  Mn  <  2.  5fo5  Si  <C  1.  OOlC;  P«  S  <  0.  051  io  each. 
Alloying  elements  listed  in  decreasing  order  of  their  weight 
fraction,  X  may  be  none,  one,  or  more  elements; 

X  =  X,  +  X,  +  .  . .  ) 

1.  Fe  +  Cr 

2.  Fe  +  Cr  +  Ni 

3.  Fe  +  Cr  +  Ni  +  X  (Xj  ^  0) 
a.  Fe  +  Cr  +  Ni  +  Co  +  X 

4.  Fe  +  Cr  +  X  (Xj  ^  0,  Ni) 

5.  Fe  +  Ni 

6.  Fe  +  Ni  +  X  (Xj  ^  0) 
a.  Fe  +  Ni  +  Cr  +  X 

7.  Fe  +  A1  +  X 

8.  Fe  +  W  +  X 

9.  Fe  +  Mn  +  X 
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in.  COPPER- BASE  ALLOYS 


(Copper  greatest  weight  fraction  with  one  or  more  other  elements. 
Alloying  elements  listed  in  decreasing  order  of  their  weight  fractions, 
X  may  be  none,  one,  or  more  elements.) 

A.  Copper  +  Zinc  -f  X 

1.  Cu  +  Zn  +  Pb  +  X 

2.  Cu  +  Zn  +  Sn  +  X 

3.  Cu  +  Zn 

B.  Copper  +  Tin  +  X 

1.  Cu  +  Sn  +  Pb  +  X 

2.  Cu  +  Sn  +  Zn  +  X 

3.  Cu  +  Sn 


c. 

Copper  +  Lead  +  X 

D. 

Copper  +  Nickel  +  X 

E. 

Copper  +  Aluminum  +  X 

F. 

Copper  +  Silicon  +  X 

G. 

Copper  +  Beryllium  +  X 

H. 

Copper  +  Manganese  +  X 

J. 

Copper  +  Tellurium  +  X 

K. 

Copper  +  Chromium  +  X 

L. 

Copper  +  Zirconium  +  X 
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IV.  NICKEL-^BASE,  COBALT-BASE,  AND  REFRACTORY  METAL-BASE 

•Axrov's  - 

(Major  element  greatest  weight  fraction  with  one  or  more  other  elements, 
Alloying  elements  listed  in  decreasing  order  of  their  weight  fractions. 

X  may  be  none,  one,  or  more  elements. ) 


Nickel-Base  Alloys 

1. 

Ni  +  Cu  +  X 

2. 

Ni  +  Mo  +  X 

3. 

Ni  +  Co  +  X 

a.  Ni  +  Co  +  Cr  +  X 

4. 

Ni  +  Fe  +  X 

a.  Ni  +  Fe  +  Cr  +  X 

5. 

Ni  +  Cr  +  X 

a.  Ni  +  Cr  +  Fe  +  X 

6. 

Ni  +  Mn  +  X 

B.  Cobalt-Base  Alloys 

1.  Co  +  Cr  +  X 

2.  Co  +  Ni  +  X 

3.  Co  +  Fe  +  X 

4.  Co  +  Pd  +  X 

C.  Tungsten-Base  Alloys 

D.  Molybdenum-Base  Alloys 

E.  Niobium-Base  Alloys 

F.  Chromium-Base  Alloys 

1.  Cr  +  Ni  +  X 

2.  Cr  +  Mo  +  X 

G.  Vanadium-Base  Alloys 

H.  Tantalum-Base  Alloys 

J.  Zirconium-Base  Alloys 

1.  Zr  +  Sn  +  X 

2.  Zr  +  Nb  +  X 

3.  Zr  +  U  +  X 

K.  Hafnium-Base  Alloys 

L.  Thorium-Base  Alloys 
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LIGHT  METAL  ALLOYS  (Including  Ti  Alloys) 

(Major  element  greatest  weight  fraction  with  one  or  more  other  elements. 
Alloying  elements  listed  in  decreasing  order  of  their  weight  fractions. 

X  may  be  none,  one,  or  more  elements;  X  =  Xj  +  X2  +  .  . .  ) 

A.  Aluminum-Base  Alloys 

1.  A1  +  Cu  +  X 

2.  A1  +  Si  +  X 

a.  A1  +  Si  +  Gu  +  X 

b.  A1  +  Si  +  Mg  +  X 

3.  A1  +  Mg  +  X 

4.  A1  +  Zn  +  X 

5.  A1  +  Mn  +  X 

6.  A1  i'  Ag  +'X 

B.  Magnesium- Base  Alloys 

1.  Mg  +  A1  +  Zn  +  X 

2.  Mg  +  A1  +  X  (Xj  ^  Zn) 

3.  Mg  +  Rare  Earth  +  X 

4.  Mg  +  Th  +  X 

5.  Mg  +  Li  +  X 

6.  Mg  +  Zn  f  X 

C.  Titanium -Base  Alloys 

1.  Ti  +  A1  +  X 

2.  Ti  +  Mn  +  X 

3.  Ti  +  Mo  +  X 

4.  Ti  +  V  +  X 

5.  Ti  +  Cr  +  X 

6.  Ti  +  Fe  +  X  (Xj  Cr) 

7.  Ti  +  Fe  +  Cr  +  X 

8.  Ti  +  O  +  X 

D.  Beryllium-Base  Alloys 
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VI.  OTHER  METAL  ALLOYS,,  melting  temperature  above  1000® F 

(Major  element  greatest  weight  fraction  with  one  or  more  other  elements. 
Alloying  elements  listed  in  decreasing  order  of  their  weight  fractions. 

X  m4*y  be  none,  one,  or  more  elements.) 

A.  Gold- Base  Alloys 


B. 


C. 

D, 


E. 


F. 


G. 


1. 

Au  +  Cd  +  X 

2. 

Au  +  Co  +  X 

3. 

Au  +  Pd  +  X 

4. 

Au  +  Ni  +  X 

5. 

Au  +  Mn  +  X 

Silver-Base  Alloys 

1. 

Ag  +  A1  +  X 

2. 

Ag  +  Cd  +  X 

3. 

Ag  +  Cu  +  X 

4. 

Ag  +  Pd  +  X 

Platinum-Base  Alloys 

Palladium- Base  Alloys 

1. 

Pd  +  Au  +  X 

2. 

Pd  +  Co  +  X 

3. 

Pd  +  Cu  +  X 

Manganese-Base  Alloys 

1. 

Mn  +  Cu  +  X 

2. 

Mn  +  Ni  +  X 

Uranium-Base  Alloys 

1. 

U  +  Cr  +  X 

2. 

U  +  Mo  +  X 

3. 

U  +  Zr  +  X 

Silicon- Base  Alloys 

1. 

Si  +  Fe  +  X 
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Vn.  CERAMICS 


I 


1-,^ 

V* 

I 


s 


A.  Oxide  Ceramics  (Nominal  oxide;  or  nominal  oxide  greatest 

weight  fraction  with  one  or  more  other  oxides.  X  may  be  none, 
one,  or  more  oxides.  Also  see  VII-B  and  VII-E. ) 

1.  Aluminum  Oxide  f  X 

a.  Aluminum  oxide  (alumina,  corundum,  sapphire) 

b.  Alximinum  oxide  4-  Chromium  oxide  +  X 

2.  Beryllium  Oxide  +  X 

a.  Beryllium  oxide  (beryllia,  bromellite) 

3.  Calcium  Oxide  +  X 

a.  Calcium  oxide  (calcia,  lime) 

4.  Rare  Earth  Oxides  (Atomic  Numbers  57-71  in  Alphabetic  Order) 

a.  Cerium  oxide  +  X  (ceria) 

b.  Dysprosium  oxide  +  X  (dysprosia) 

c.  Erbium  oxide  +  X  (erbia) 

d.  Europium  oxide  +  X  (europia) 

e.  Gadoliniiim  oxide  +  X  (gadolinia) 

f .  Holmium  oxide  +  X 

g.  Lanthanum  oxide  +  X  (lanthana) 

h.  Lutetium  oxide  +  X 

j  .  Neodymium  oxide  +  X  (neodymia) 
k.  Praseodymium  oxide  +  X  (praaeodymia) 

m.  Promethium  oxide  +  X 

n.  Samarium  oxide  +  X  (samaria) 

p.  Terbium  oxide  +  X  (terbia) 

q.  Thulium  oxide  +  X  (thulia) 

r.  Ytterbium  oxide  +  X  (ytterbia) 

5.  Magnesium  Oxide  f  X 

a.  Magnesium  oxide  (magnesia,  periclase) 

6.  Silicon  Oxide  +  X  (silica,  crystobalite,  quartz;  see  also  VII-C-6) 

7.  Thorium  Oxide  -f  X  (tlioria,  thorianite) 

8.  Titanium  Oxide  -f  X  (anatase,  brookite,  rutile) 

9.  Hafnium  Oxide  +  X;  Zirconium  Oxide  X 


a.  Hafnium  oxide  (hafnia) 

b.  Zirconium  oxide  (zirconia) 
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CERAMICS  (Continued) 


A.  Oxide  Ceramics  (Continued) 


10. 

Uranium  Oxide  +  X 

11. 

Plutonium  Oxide  +  X 

12. 

13. 

Other  Oxide  Ceramics, 

in  Alphabetic  Order :  A-I 

14. 

Other  Oxide  Ceramics, 

in  Alphabetic  Order  :  J-R 

15. 

Other  Oxide  Ceramics, 

in  Alphabetic  Order :  S-Z 

Mineral  Ceramics  (Also  see 

Vn-A  and  VU-E) 

1.  Aluminosilicates,  non-hydrous  (mullite,  kyanite,  sillimanite) 

2.  Silicates  of  Ba,  Be,  Ca,  Fe,  Mg,  Mn,  Ni,  Sr,  and  Zn  in 
order  listed. 


3.  Alkali  and  alkaline -earth  aluminosilicates  (feldspars) 


a. 

b. 

c. 

d. 

e. 

f. 

g> 

h, 

j. 


Barium -modified  feldspar 

Beryllium-modified  feldspar  (beryl) 

Calcixim-modified  feldspar 

Cesium-modified  feldspar 

Lithium -modified  feldspar 

Magnesium  aluminosilicate,  see  VII-E-3 

Potassium  feldspar 

Rubidium  feldspar 

Sodium  feldspar 

Strontium -modified  feldspar 


4.  Hafnium  silicate;  Zirconium  silicate 


a.  Hafnium  silicate  (hafnon) 

b.  Zirconifun  silicate  (zircon) 

5.  Borates  (borax,  colemanite);  Phosphates 
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Vn.  CERAMICS  (Continued) 


B.  Mineral  Ceramics  (Continued) 

6.  Hafnates;  Niobates;  Titanates;  Zirconates 

a.  Kainates 

b.  Niobates 

c.  Zirconates 

d.  Aluminum  titanate 

e.  Barium  titanate 

f .  Calcium  titanate 

g.  Iron  titanate 

h.  Lithium  titanate 

j  .  Magnesium  titanate 
k.  Strontium  titanate 

m.  Zinc  titanate 

n.  Zirconium  titanate 

7.  Aluminates 

a.  Magnesium  aluminate  (spinel) 

b.  Barium  alvuninate 

c.  Beryllium  aluminate 

d.  Calcium  aluminate 

e.  Cesium  aluminate 

f .  Lithium  aluminate 

g.  Potassium  aluminate 

h.  Rubidium  aluminate 

j .  Sodium  aluminate 

k.  Strontium  aluminate 
m.  Zinc  aluminate 

8.  Ferrites 

a.  Magnesium  ferrite 

b.  Barium  ferrite 

c.  Beryllium  ferrite 

d.  Calcium  ferrite 

e.  Cesium  ferrite 

f.  Lithium  ferrite 

g.  Potassium  ferrite 

h.  Rubidium  ferrite 

j .  Sodium  ferrite 

k.  Strontium  ferrite 

m.  Cobalt  ferrite 

n.  Nickel  ferrite 
p.  Zinc  ferrite 

9.  Micas  (mites) 

10.  Asbestos  minerals 


WADC  TR  58-476 


vn. 


CERAMICS  (Continued) 


C.  Vitreous  Structures 

1.  Silicate  glasses 

a.  Lithium  silicate  glass 

b.  Sodium  silicate  glass 

c.  Potassium  silicate  glass 

d.  Rubidium  silicate  glass 

e.  Cesium  silicate  glass 

f  .  Berylliun'i  silicate  glass 

g.  Magnesium  silicate  glass 

h.  Calcium  silicate  glass 

j  .  Strontium  silicate  glass 
k.  Barium  silicate  glass 
m.  Lead  silicate  glass 

2.  Borate  glasses 

3.  Phosphate  glasses 

4.  Arsenic  oxide  glasses 

5.  Borosilicate  glasses  (pyrex) 

6.  Silica  glasses  (fused  quartz) 

D.  Covalent  Ceramic  Structures  (Also  see  Section  IX) 


1.  Silicon  carbide  +  X 

a.  Silicon  carbide 

b.  Silicon  carbide  +  Boron  carbide  +  X 

2.  Boron  carbides 

3.  Alkali  and  alkaline  earth  carbides 
a.  Beryllium  carbide 

4.  Boron  nitrides 

5.  Halides  and  oxyhalides 
a.  Fluorides 

6.  Sulfides;  Selenides 
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yil.  CERAMICS  (Continued) 


E.  Vitreous  Bonded  Crystalline  Ceramics  (conventional  ceramics; 
■als6  see  VU-A  and  VHTE) - 

1.  Alkaline  earth  silicate  glass  bond 

2.  Alkali  silicate  glass  bond 

3.  Magnesium  aluminosilicate  glass  bond  (cordierite,  steatite 


talc 

body) 

a. 

Lithixim  modified 

b. 

Sodium  modified 

c. 

Potassium  modified 

d. 

Rubidium  modified 

e. 

Cesium  modified 

f. 

Beryllium  modified 

8- 

Calcium  modified 

h. 

Strontium  modified 

j- 

Barium  modified 

k. 

Lead  modified 

4.  Calcium  aluminosilicate  glass  bond  (porcelain) 

5.  Other  alkaline  earth  aluminosilicates  glass  bond 

6.  Alkali  aluminosilicate  glass  bond 

7.  Borosilicate  glass  bond 

8.  Phospliate  glass  bond 

9.  Alxunina  firebrick 

10.  Basic  brick 

11.  Silica  brick 

F.  Inorganic  Cements  and  Adhesives 
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Vni.  CERMETS 


(Nominal  refractory  phase  is  that  which  is  greatest  weight  fraction 
of  total  refractory  phase. ) 

A.  Cermets  Containing  Carbides  as  Major  Refractory  Phase 

1.  Tungsten  carbide  major  refractory  phase 

Titanium  carbide  as  major  refractory  phase 

3.  Chromiv.m  carbide  as  major  refractory  phase 

4.  Hafnium  carbide  or  Zirconium  carbide  as  major  refractory 
phase 

5.  Silicon  carbide  as  major  refractory  phase 

B.  Cermets  Containing  Oxides  or  Suboxides  as  Major  Refractory 
Pliase 

1.  Aluminum  oxide  as  major  refractory  phase 

2.  Magnesium  oxide  as  major  refractory  phase 

3.  Uranium  oxide  as  major  refractory  phase 

4.  Thorium  oxide  as  major  refractory  phase 

5.  Beryllium  oxide  as  major  refractory  phase 

C.  Cermets  r.  ntaining  Borides  as  Major  Refractory  Phase 
1.  r  .conium  boride  as  major  refractory  phase 

D.  Cr.  -mets  Containing  Silicides  as  Major  Refractory  Phase 

E.  Cermets  Containing  Nitrides  as  Major  Refractory  Phase 

F.  Cermets  Containing  Hydrides  as  Major  Refractory  Phase 
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IX.  INTERMETALLICS 


’■r  - 


(Nominal  intermetallic,  or  nominal  intermetallic  greatest  weight 
fraction  with  one  or  more  other  inter  metallic  s.  Also  see  section 
VII-  D  and  respective  alloy  sy.stem.  ) 


A.  Carbide  S/stems 


1.  Tungsten  carbide 


Titanium  carbide 


Chromium  carbide 


4.  Hafnium  carbide;  Zirconium  carbide 


Tantalum  carbide 


6 .  Molybdenum  carbide 


7.  Uranium  carbide 


B.  Silicide  Systems 


1 .  Molybdenum  silicide 


Uranium  silicide 


Boride  Systems 


1.  Magne  Slum  boride 


Titanium  boride 


3.  Zirconium  boride 


Nitride  Systems 


i .  Titanium  nitride 


Uranium  nitride 


Zirconium  nitride 


E.  Hydride  Systems 


I .  Lithium  hydride 
Z.  Zirconium  hydride 


Antimonide,  Arsenide,  Phosphide ,  Tolluridc  Systems 


1  .  Antimonidcs 


2.  Tellurides 
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INTERMETALLICS  (Continued) 

G.  Intermetallics  Involving  a  Light  Metal  (Al,  Be,  Mg,  Ti) 

1.  Aluminides 
Z.  Beryllides 

3.  Magnesium  intermetallics 

4.  Titanium  intermetallics 

H.  Intermetallics  Involving  a  Rare  Earth 

J.  Intermetallics  Involving  a  Refractory  Metal 
1  .  Chromium  intermetallics 

2.  Cobalt  intermetallics 

3.  Hafnium  intermetallics 

4.  Molybdenum  intermetallics 

5.  Nickel  intermetallics 

6.  Niobium  intermetallics 

7.  Tantalum  intermetallics 

8.  Thorium  intermetallics 

9.  Tungsten  intermetallics 

10.  Vanadium  intermetallics 

11.  Zirconium  intermetallics 

For  intermetallics  not  listed  above,  see  respective  alloy  system. 


0k 


WADC  TR  58-476 


X.  POLYMERIC  MATERIALS  (Including  plastics  and  filled  plastics) 

A.  Polyesters 

1.  Cellulose  acetate 

2.  Cellulose  propionate 

3.  Cellulose  acetate  butyrate 
.4.  Cellulose  nitrate 

5.  Ethyl  cellulose 

6.  Polyvinyl  acetals 

7.  Polyvinyl  acetate 

8.  Copolyvinyl  chloride- acetate 

9.  Isocyanates 

10.  Polyurethanes 

11.  Unsaturated  polyesters 

B.  TAC  Polyesters  (tri-allyl  cyanurate) 

C.  Phenolic  s 

1 .  Phenol  formaldehyde 

2.  Furfural  formaldehyde 

3.  Urea  formaldehyde 

D.  Epoxides 

E.  Melamines 

F.  Acrylics 

G.  Polyethylene  and  halogenated  polyethylenes 

H.  Polyamide  (nylon) 

J.  Natural  and  Synthetic  Rubber 
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XI.  COMPOSITE  MATERIALS 


(The  word  "ceramic",  as  used  below,  includes  any  material  which  is 


inorganic  and  nonmetallic.  Semiorj 
are  included  in  the  term  "organic". 


:anic  materials,  such  as  silicones. 


A.  Composite  Organic  Materials;  Sandwich  Structures.  (Any  layer 
may  be  pure,  filled,  or  reinforced. ) 

1.  Plastic  skin,  plastic  foam  core 

2.  Plastic  skin,  plastic  honeycomb  core 

3.  Solid  plastic  layers 

B.  Composite  Metallic  Materials 

1.  Metal  skin,  metal  honeycomb  core 

2.  Unbonded  metal  layers 

3.  Fusion  bonded  metal  layers 

4.  Mechanically  bonded  metal  layers 

5.  Clad  metals 

6.  Plated  metals 


C.  Composite  Ceramic  Materials 

D.  Composite  Organic  -  Metallic  Materials;  Sandwich  Structures. 
(Any  organic  layer  may  be  pure,  filled,  or  reinforced.) 

1.  Plastic  skin,  metal  honeycomb  core 

2.  Metal  skin,  plastic  honeycomb  core 

3.  Metal  skin,  plastic  foam  core 

4.  Adhesive  bonded  metal  layers 


E.  Composite  Metallic  -  Ceramic  Materials 

F.  Composite  Organic  -  Ceramic  Materials;  Sandwich  Structures. 

(Any  organic  layer  may  be  pure,  filled,  or  reinforced. ) 

G.  Composite  Organic  -  Metallic  -  Ceramic  Materials;  Sandwich 
Structures.  (Any  organic  layer  maybe  pure,  filled,  or  reinforced. ) 
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'/o' ‘ -‘v  •* 
•  O  •s" 


cal/g*K 


joules 
g  *K 


watt  sec 
g  ”K 


Btu/lb  *R 


1 

4.  184 

4.184 

0. 999346 

0.239006 

1 

1 

0.  238849 

0.239006 

1 

1 

0.238849 

1.000654 

4. 18674 

4.18674 

1 

cal/g 


joules/g 

watt  sec 

g 

4.  184 

4.184 

1 

1 

1 

1 

2. 32597 

2.  32597 

Btu/lb 


1.798823 


0. 429929 


0. 429929 


PROPERTIES  OF  PLAIN  CARBON  STEELS 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . 

491  Ib  /ft^ 
m 

7. 86  g/cm^ 

Melting  Point . 

2520-3180‘R  ♦ 

1400-1765*K  * 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

31002770-R^‘"/''^m  ** 

*  At  2.0  and  0. 10%  C  respectively:  M.P.  decreases  with  increasing  C  content. 
Metals  Handbook  (Rei.  48-11) 

**  Austenite;  see  Kef.  Info. 

REPORTED  VALUES 


Density; 


Melting  Point; 


Heat  of  Fusion; 


Btu/lb_ 


Heat  of 
Vaporlaatlon; 


Btu/lb„ 


Heat  of 
Sublinnition; 


Btu/lb^ 

«*l/g 

%  C 

5“’02770-R 

*’^°1540*K 

0.59 

«*°2770-R 

1*^°1540*K 

0.96 

®‘*IJ70*k1® 

1.  31 
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S9.689 
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EI^CTRIC  REStSTIVITY  —  PLAIN  CARBON  STEEL 


tp 


PROPERTIES  OF  GRAY  CAST  IRON 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . 

Melting  Point . 

Heat  of  Fusion  ..... 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

600  lb  /ft^ 
m 

2560‘R  * 

8  g/cm^ 

1420*K  * 

♦  Constitution  of  Binary  Alloys  (P.ef.  58-11) 


Density: 


REPORTED  VALUES 

lb„/ft* 

m 

O  498 

0  451+6 


Nominal 

g/cm*  %  C 

7.97  3.25 

7.22  +  0.1  2.96-3.74 


Malting  Point: 


•R 


•K 


Heat  of  Fusion: 


Btu/lb^ 


cal/g 


Heat  of 
Vapoj-lgytljn; 


Btu/lb,„ 


cal/g 


Heat  of 
SubUmation; 


59-675 
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CONDUCTIVITY  —  GRAY  CAST  IRON,  FERRITIC 


THERMAX.  CONDUCTIVITY  --  GRAY  CAST  IRON,  PEARLITIC 
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Lt>:EAR  THERMAL  EJaPANSION  --  GRAY  CAST  IRON 
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Linear  thermal  expansion,  per  cent 


T-xinpera.ture 


THERMAL  CONDUCTIVITY  —  IRON  *-  MOLYBDENUM  +  CHROMIUM  + 


LINEAR  THERMAL  EXPANSION  --  IRON  +  MOLYBDENUM  +  X 


X  +  wnmo'JHD  +  NOHi  --  AxiAixonoNor 


JEXPANSION  —  IRON  +  CHROMIUM  +  X 


RIC  RESISTIVITY  --  IRON  +  CHROMIUM 


REFERENCE  INFORMATION 
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T  mmpfiTMtart! 


Thermal  conductivity!  cal/eec  cm  *K 
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THERMAI,  CONDUCTrvrrY  —  IRON  +  CHROMIUM  +  MOLYBDENUM  +  X 


EAF.  THERMAL  EXPANSION  --  IRON  +  CHROMIUM  ■>-  MOLYBDENUM 
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ELECTRIC  RESISTIVITY  —  IRON  +  CHROMIUM  +  MOLYBDENUM  +  X 
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THERMAL.  CONDUCTIVITY  —  IRON  +  SILICON  +  X 
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ELECTRIC  RESISTIVITY --IRON  +  SILIC 


PROPERTIES  OF  LOW  ALLOY  STEEL 
(Sintered  Porous  Steel) 


MOST  PR03ABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S*  Units 

Density  97%  Fe  .... 

450  1b  /ft* 
m 

7.  23  g/cm* 

Melting  Point . 

Heat  of  Fusion  ..... 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

REPORTED  VALUES 

Dansitv: 

g/cm* 

O  451 

^.23 

a  408 

6.53 

A  395 

6.32 

Moltlnc  Point; 

•R 

*K 

Heat  of  Fusion; 

Otu/lb 

m 

cal/g 

Heat  of 

Vaporisation; 

Ulu/lb 

m 

cal/g 

Heat  of 

Subh*natioi>: 
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DENSITY  -  -  IRON  +  ALUMINUM 


SpecUic  heat,  cal/g  ‘K 


lA 


SPECIFIC  HEAT  —  IRON  +  COBALT  +  X 


+  TELLURIUM 


THERMAL  CONDUCTIVITY  --  POROUS  IRON  +  GRAPHITE  ANTI-FRICTION  ALLOYS 


THERMAL  CONDUCTIVITY  —  SINTERED  POROUS  IRON-BASE  MATERIAL 


Linear  thermal  expansion,  per  cent 
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LDJEAR  IHERMAL  EXPA-NSION  --  IRON  1 


EI^CTRIC  RESISTIVITY  --  IRON  +  ALUMINUM 


m 

I 
i 


4>  V  V  4)  4)  4)  4) 


>  >  > 
0  0  0  0 
^  ^  ^  j5 


>>>>>> 
0  O  0  o  o  o 

^  UI)  u:)  ^  ^  ^ 


(«  (<it  (<d 


4}V4>4)4)4>4)4}V  V 

s  a  g  g  a  a  6  fj  a  a 

u5ii?u?  u?o55i5i55j?5 


4)4)4)  4)4)4)4}4) 

>>>>>>>> 
POOOOOOO 

fiddVidtititi 

•  «••«««• 

4}4}4)4)4)4)4}4) 

i  1 1 II  H  i 

w3o5coo5o5wwo5 


5 

•  . .  .  ^ 

^  N«>H*«A'Ot'-taoa'<^oo 


nnn!2nn<m<'jnn 

^  ^  ^  tmt  ^  ^ 

SSSiS3S5S35SS5SS5S5 


5  s 


*d 

?  I 


I  I  i  I  I  I  I  t  I  I 

OOOOOOOOOc) 

ID  \n  \n  (n  u^  V)  \n  ui  V-) 


s:s:bsS52S:3s 

aataaaaaaaa 


a<ot>oa<ioD^ 


Electric  resistivity,  ohm  cm  x  10 
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ELECTRIC  RESISTIVITY  —  POROUS  IRON  +  GRAPHITE  +  X  ANTI-FRICTION  ALLOYS 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  Gs  S.  Units 

Density  28%  Cr  .... 

Melting  Point . 

Heat  of  Fusion  .... 

Heat  of  Vaporization .  .  . 

Heat  of  Cublimation  .  .  . 

475  1b  /ft* 
ni 

i 

7.  58  g/cm* 

Density; 

( 

REPORTED  VALUES 

3  474 

g/cm* 

7.58 

Melting  Point; 

°R 

•K 

Heat  of  Fusion: 

Btu/lb 

m 

cal/g 

Heat  of 

Vaporization; 

Btu/lb 

m 

cal/g 

Heat  of 

Sublimation: 

Btu/lb 

cai/g 

^ecific  heat,  cal/g  ‘K 


SPECIFIC  HEAT  —  mON  +  CHROMIUM 
(14-27%  Cr) 


THERMAL  CONDUCTIVITY  --  IRON  +  CHROMIUM 
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SPECTRAL  EMISSrvnry  —  iron  +  chromium 
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ELECTRIC  RESISTIVITY  —  IRON  +  CHROMIUM 


PROPERTIES  OF  IRON  +  CHROMIUM  +  NICKEL 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Oeneity . 

Melting  Point . .  - 

Heat  of  Fuiion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

490  lb  /ft^  * 
m 

3060®  R  ♦* 

7.  8  g/cm^  * 

1700*K  ** 

♦  Average  value  for  engineering  purposes.  For  individual  stainless  steels 

see  Reported  Values  below. 
♦♦Value  for  HF  grade  alloy. 

REPORTED  VALUES 

Density: 

lb„/ft* 

HI 

g/cm* 

Steel  Type 

O 

484 

7.75 

HF  grade 

□ 

494. 0 

7.914 

No.  301 

A 

493 

7.90 

No.  310 

Melting  Point; 

•R 

•K 

O 

3060 

1700 

HF  grade 

Heat  of  Fusion: 

Btu/lbm 

cal/g 

Heut  of 

Vaoorlcttlon; 

3tu/lb,^ 

cal/g 

Heat  of 

Sublimation: 

Btu/lb^ 

cal/g 
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0.075 


CONDUCTIVITY  —  IRON  +  CHROMIUM  +  NICKEL 


SPECTRAL  EMXSSry IT Y  --  IRON  +  CHROMIUM  +  NICKEL 


CHROMIUM  +  NICKEL 
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LINEAR  THERMAL  EXPANSION  --  IRON  +  CHROMIUM  +  NICKEL 


El-ECTRIC  RESISTIVITY  --  IRON  +  CHROMIUM  +  NICKEL 


emperature 


THERMAL  COKDUCTJVITY  IRON  -f  CHROIvUUM  +  NICKEL  +  COBALT  +  X 


B 


KMISSrVTTY  —  IRON  +  CHROMIUM  +  NICKEL  +  COBALT  +  X 
_ (AUoy  N-I55) _ 


CHROMIUM  +  NICKEL  +  COBALT 
It  Ni;  4  -  21%  Co) _ 


ELECTPJC  resistivity  --  IRON  +  CHROMIUM  +  NICKEL  +  COBALT  +  X 


PROPERTIES  OF  IRON  +  CHROMIUM  +  NICKEE  +  X 
_  (16  -  19%  Cr;  7  -  16%  IE) _ 


MOST  PROBABLE  VALUE!'. 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . 

Melting  Point  ...... 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

495  lb  /ft*  ♦ 
in 

7. 93  g/cm*  * 

♦  Approx,  value  for  engineering  purposes. 


Density: 


MrUH'g  PoliU: 


Heat  of  Fusion; 


REPORTED  VALUES 


g/cm* 

Material 

O 

496.5 

7.952 

AISl-316 

□ 

493.5 

7.905 

AISI-  347 

A 

446 

7.  15 

Hot  pressed  powder 
AISI- 30  2  B 

o 

449 

7.  19 

Hot  pressed  powder 
AIS1-302B 

Q 

501.7 

8.036 

A 

500.0 

8.009 

O 

464 

7.43 

17-7  PK 

O 

493 

7.89 

AlS'l-  32 1 

V 

483 

7.74 

17-7  PH 

0 

493.0 

7.884 

SAS-8 

A 

498.  1 

7.982 

ATS 

O 

493 

7.9 

a 

494 

7.92 

Jossop  R-20 

0 

SOI 

8.03 

Jessop  G-21 

O 

495.  3 

7.938 

WF  lOOD 

<1 

484.  8 

7.770 

OVL-Sl 

a 

491.6 

7.075 

DVL-30 

0 

493.7 

7.908 

DVL-5i 

•R 

•K 

i3tu/lb 

tn 

cal/g 

Heat  of 
Vaporleattoti. 


UWlb 

m 


cal/g 


Hvai  of 
Sublimation: 


»tu/lb 

m 


cal/n 
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Specific  heat,  cal/g  ‘K 
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SPECIFIC  HEAT  —  IRON  +  CHROMIUM 


SPECIFIC  HEAT  --  IRON  +  CHROMIUM  +  NICKEL  +  X 


THEX.UAI.  CONDUCTIVTTY  —  IRON  +  CHROMIUM  +  NICKEL.  +  X 
(AISI  316  StBlolecB  St0el) 


THERMAL  CONDUCTIVITY  --  IRON  +  CHROMIUM  +  NICKEL  +  X 
(AISI  347  Stainle**  Steel) 


T  emperatur  e 


THERMAL,  COIMOUCTIVITY  --  IRON  +  CHROMIUM  +  NICKEL  +  X 


SPECTRAl.  EMISSrVITY  --  IRON  +  CHROMIUM  +  NICKEX^  +  MOLYBDENUM  +  X 

(A.r.S.I.  316) 


CHROMIUM  +  NICKEL  +  MOLYBDENUM  +  X 


SPKCTRJuV  KMlSSTViT'f  --  IRON  +  CHROMIUM  +  NICKEL  +  MOLYBDENUM  +  X 

<AM-  350) 


EMISSrVTTY  --  IRON  +  CHROMIUM  +  NICKEL  +  MOLYBDENUM  +  X 

(AM  350) 


EMISSIVITY  —  IRON  +  CHROMIUM  +  NICKEL  +  X 
_  AISI  347 


CHROMIUM  +  NICKEL  +  X 
S.  I.  321) 


SPECTRAL  EMlSSrvrXY  —  IRON  +  CHROMIUM  +  NICKEL  +  X 
_ (PH  Stalnleati  Steela) _ 


EV.13SXVrrY  --  iron  +  chromium  +  NICKEL 
_ (PH  3t*Ijile»«  Steels) _ 


-  CHROKiTUM  +  NICKEL  +  X 
1 3%  Ni) 


CHROMIUM 
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LINEAR  THERMAL  EXPANSION  --  IRON  +  CHROMIUM 


f'V-  * 


LINEAR  THERMAL  EXPANSION  --  IRON  +  CHROMIUM  +  NICKEL  +  X 

(19  -  20%  Cr;  12  -  14%  Ni) 


LINEAR  THERMAL  EXPANSION  --  IRON  +  CHROMIUM  +  NICKEL 

(20  -  22%  Cr;  14  -  20%  Ni) 


EUECTR-IC  REjISTIVITY  --  IRON  -f  CHROMIUM  +  NICKEL  + 


PROPERTIES  OE  IRON  +  CHROMIUM  +  X 


MOST  PROBABLE  VALUES 


Props  rty 

Brit.  Engineering  Units 

C.  G,  S,  Units 

Density  11%  Cr  ... 

Melting  Point  11%  Cr 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

484  lb  lit} 
ro 

3190 ‘R* 

7.  75  g/ cxn^ 

1770*K* 

♦Constitution  of  Binary  Alloys  (Ref.  58-11) 

REPORTED  VALUES 

Density: 

< 

3  484 

g/cm- 

7.  75 

Melting  Point: 

•R 

•K 

Heat  of  Fusion: 

Btu/lb„, 

cal/g 

HoAt  of 

VAporinatlon: 

csl/g 

He  A*  of 

SublltvvAttcH'): 

Btu/lb„, 

Cil/g 

bO-IS'J 

WADC.  TK  S8--476 


PROPETSTIES  OF  IRON  +  CHROMIUM  +  X 


SPECIFIC  HEAT  —  IRON  +  CHROMIUM  +  X 
(36%  Cr) 


SPECIFIC  HEAT  —  IRON  +  CHROMIUM  +  X 
(43%  Cr)  _ 


SPECIFIC  HEAT  --  IRON  +  CHROMIUM  +  X 
_ (48%  Cr) _ 


THERMAL  CONDUCTIVITY  —  IRON  +  CHROMIUM  +  COBALT  +  X 


O 


59-457 
WADC  TR  5K-476 
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THERMAL  EXPANSION  --  IRON  +  CHROMIUM  +  ALUMINUM 
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Linear  thermal  expansion,  per  cent 
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LINEAR  THERMAL  EXPANSION  --  IRON  +  CHROMIUM  +  X 


ELECTRIC  RESISTIVITY  --  IRON  +  CHROMIUM 


SPECIFIC  HEAT  --  IRON  +  NICKEL 


t- 


;s 


Thermal  conductivity,  cal/sec  cm  “K 


Re£Lectivity>  per  cent 


EMISSIVITY  —  IRON  +  NICKEL 


Temperature, 


L.WEAR.  THERMAL  EXPANSION  --  IRON  +  NICKF.L 


©  :■ 


;'2 


?  « 


Electric  resistivity,  ohm  cm  x  10 
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ELECTRIC  RESISTIVITY  --  IRON  -f-  NICKEL 


PROPERTIES  OF  IRON  +  NICKEL  +  CHROMIUM  +  X 
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MOST  PROBABLE  VALUES 


Property 

Density  40%  Fe  .  .  .  . 

Melting  Point . 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 
Heat  of  Sublimation  .  .  . 


Brit.  Engineering  Units 


480  lb  /ft* 
m 


C.  G.  S.  Units 
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Density: 


REPORTED  VALUES 

O  479. 6 
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LINEAR  THERMAL  EXPANSION  --  IRON  +  NICKEL  +  CHROMIUM  +  MOLYBDENUM  +  X 


Linear  thermal  expansion,  per  cent 
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•IXEAR  THERMAL  EXPANSION  --  IRON  +  NICKEL  +  CHROMIUM  +  TUNGSTEN  +  X 


LINEAR  THERMAL  EXPAiMSION  --  IRON  +  NICKEL  +  CHROMIUM 
_ U8  -  31  %  Ni;  25  -  28%  Cr) _ 


Temperatur 


ELECTRIC  RESISTIVITY  --  IRON  +  NICKEI.  +  CHROMIUM  +  X 


Temperature 
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SPECIFIC  HEAT 


THERMAL  CONPUCTIvrrY  —  IRON  +  NICKEL  +  COBALT  +  X 
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UNEAE.  THERMAL  EXPANSION  --  IRON  +  NICKEL  +  MANGANESE  +  X 
_ (12  -  16%  Ni;  5  -  9%  Mn) _ 


LINEAR  THERMAL  EXPANSION  --  IRON  +  NICKEL  +  MANGANESE 
_ (36-43%  Ni;  0.  3-8%  Mo) 
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THERMAL  CONDUCTIVITY  --  IRON  +  TUNGSTEN  +  CHROMIUM 


Reflectivity,  per  cent 
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EMISSmTY  --  IRON  +  TUNGSTEN 


I  PROPERTIES  OF  mON  +  MANGANESE  +  CHROMIUM  +  X  | 


MOST  PROBABLE  VALUES 


Property 


Brit.  Engineering  Units  C.  G.  S,  Units 


Density  20%  Mn  ,  .  ,  .  480 

Melting  Point  .  4 

Heat  of  Fusion  ..... 

Heat  of  Vaporization  .  .  • 

Heat  of  Sublimation  ... 
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LINEAR  THERMAL  EXPANSION  —  IRON  +  MANGANESE  +  CHROMIUM  +  X 


Tenqierature 
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LINEAR  THERMAJU  EXPANSION  --  IRON  +  PLATINIUM 


Temperature 


LINEAR  THERMAL  EXPANSION  --  IRON  +  SILICON 


Temperature 
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PROPERTIES  OF  COPPER  +  ZINC  +  LEAD  +  X 
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MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units  . 

C.  G.  S.  Units 

Density  36%  Zn  .  *  .  , 

528  Ib  /ft* 
m 

8.  46  g/ cm^ 

Melting  Point  36%  Zn 

Heat  of  Fusion . 

Heat  of  Vaporization ... 

! 

Heat  of  Sublimation  .  .  . 

2U0*R  e 

U75*K  * 

*  Constitution  of  Binary  Alloys  (Ref.  58-11). 

REPORTED  VALUES 

Density: 

lb  /ft* 
m 

g/cm* 

528 

8.46 

Meltine  Point; 

•R 

‘K 

Heat  of  Fusion; 

Btu/lb 

m 

cal/g 

Heat  of 

Vaporisation; 

Btu/lb 

m 

cal/g 

Btu/lb 

m 


Heat  o( 
aubUmation: 


cal/g 


Temperature. 


Thermal  conductivity,  cal/sec  cm  *K 
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THERMAL  CONDUCTIVITY  --  COPPER  +  ZINC  +  LEAD  + 


.'ERMAL  CONDUCTIVITY  --  COPPER  +  ZINC  +  LEAD 


LINEAR  THERMAL  EXPANSION  --  COPPER  +  ZINC  +  TIN  +  X 


Temperature 


SPECIFIC  HEAT  --  COPPER  +  ZINC 


Temperature 


THERMAL  CONDUCTIVITY  —  COPPER  +  ZINC 


SPECTRAL  EMISSrVITY  --  COPPER  +  ZINC 


LINEAR  THERMAL  EXPANSION  --  COPPER  +  ZINC 


ELECTRIC  REaSTIVITY  --  COPPER  +  ZINC 
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LINEAR  THERMAL  EXPANSION  --  COPPER  ^ 


Linear  thermal  expansion,  per  cent 
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LINEAR  THERMAI^  EXPi^NSION  --  COPPER  +  Tm  +  LEAD 


PROPERTIES  OF  POROUS  COPPER- TIN  M/TERIALS 


Property 

Brit,  Engineering  Units 

C.  G.  S.  Units 

Density  89%  Cu  .... 

Melting  Point  ...... 

Heat  of  Fusion  ..... 

Heat  of  Vaporijsation  4  .  . 

Heat  of  Sublimation  .  .  . 

400  Ib  /ft* 
m 

6.4  g/cm* 

Density; 


Melting  Point: 


Heat  of  Fuaion; 


Heal  of 
Vaporiaation: 


Heat  of 
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SPECTRAL  EMISSIVITY  --  COPPER  +  TIN 
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Linear  thermal  expansion,  per  cent 


00 


sO 

«NI 


rj 


o  CO  nd 
N  ^ 


00 

o 


vO 

d 


d 


<M  O 

d  d 


d 


sO 

d 


CO 


o 

o 

<n 


o 

ift 

(ST- 


O 

O 


O 

lA 


O 

O 


--  h 


o 

o- 


o 

o 

o 


o 

lA- 


o 

o  - 


o 

tfV- 

00 


o 

o  - 
00 


o 

tfv- 

N 


o 

o 


o 

XA- 

vO 


o 

o  - 
sO 


o 

o 

xA 


o 

xA* 


§ 


o 

o 


o 

o 


o, 

»A 


O 

lO 

lQ 

;  o 

'  o 

:  fA 

i 


=o 

-  =o 

AJ 

AJ 

•  o 
o 


O 

o 

o 

AJ 

o 

o 

c^ 


o 

o 

«0 


o 

o 

r- 


to 


o 

o 

XA 


:p^  ctf 


o 

o 

(A 


o 

o 

AJ 


=  6 


o 

o 

o 


4> 

H 


o 

o 

0^ 


o 

o 

oo 


o 

o 

A* 


O 

o 


o 

o 


o 

s 


o 

o 


o 

o 

N 


o 

o 


«s 

Al 


o  « 

AJ  ^ 


>c 

d 


Ai  •  O 

d  d 


c: 


o 

<c 


IU4.1  jart  'uotcu^clv^ 


WAIXJ  TH  ^8-476 


. 


•  A  .V  .' 


til  -  u  -  5 


A  .V A  .N.’> 


Temperature 


a 


s 


& 


t 


ELECTRIC  RESISTIVITY  --  COPPER  +  TIN 


DENSITY  --  COPPER  +  LEAD 


THERMAL  CONDUCTIVITY  --  COPPER  +  LEAD 
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LINEAR  THERMAL  EXPANSION  --  COPPER  H 
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SPECIFIC  HEAT  --  COPPER  +  NICKEL 
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LINEAR  THERMAL  EXPANSION  --  COPPER 
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ELECTRIC  RESISTIVITY  --  COPPER  +  NICKEL  +  BERYLLIUM  +  X 


PROPERTTES  OF  COPPER  +  ALUMINUM  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  I^%  A1  .... 

Melting  Point . 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 
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LINEAR  THERMAL  EXPANSION  COPPER  +  ALUMINUM  +  X 
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Thermal  conductivity,  cal/sec  cm  ‘K 
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THERMAL  CONDUCTIViTY  --  COPPER  ^  SILICON 


Temperature 


LINEAR  THERMAL  EXPANSION  --  COPPER  i 
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ELECTRIC  RESISTIVITY  --  COPPER  +  MANGANESE  +  NICKEL  +  X 
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ELECTRIC  RESISTIVITY  --  COPPER  +  MANGANESE 


PROPEKTIES  OF  COPPER  +  TELLURIUM  +  X 


Temperature 


THERMAL  CONDUCTIVITY  —  COPPER  +  TELLURIUM 
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THERMAL  CONDUCTIVITY  --  COPPER  +  CHROMIUM 


Temperature 


PROPERTIES  OF  COPPER  +  ZIRCONIUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  Gr  S.  Units 

Density  1%  Zr  .  ,  .  , 

Melting  Point  ...... 

Heat  of  Fusion  ..... 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

550  lb  /ft^ 
m 

8.  8  g/cm* 

Density: 

REPORTED  VALUES 

O  550 

Melting  Point: 

*R 

Heat  of  Fusion; 

Btu/lb 

m 

Heat  of 
Vaporization; 

Btu/ib 

m 

Heat  of 
Sublimation; 

Utu/lb 

xn 

Thermal  conductivity,  cal/sec  cm  °K 
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DENSITY  --  COPPER  +  TITANIUM 
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MELTING  POINT  --  COPPER  +  PALLADIUM  +  COBALT 


PROPERTliES  OF  COPPER  +  URANIUM 


Temperature 
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COPPER  +  IRON 


Thermal  conductivity,  cal/sec  cm  *K 


m 

o 

If) 

o 

ID 

o 

m 

o 

tD 

O 

ir> 

o 

U-) 

sO 

vO 

If) 

m 

fO 

CO 

(V] 

OJ 

O 

o 

o 

o 

o 

o 

o 

O 

O 

O 

O 

o 

o 

d 

o  o 

i\i  — 


S,  1}  -m/niB  •AjjAUsnpuoo 


59-  260 

WADC  TR  58-475 


V  *2-  '-■* 


THERMAL  CONDUCTIVITY  --  COPPER  +  PHOSPHORUS 


LINEAR  THERMAL  EXPANSION  --  COPPER  +  SILVER 


ELECTRIC  RESISTIVITY  --  COPPER  +  COBALT  +  PALLADIUM 


Electric  resistivity,  ohm  cm  x  10 
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ELECTRIC  RESISTIVITY  --  COPPER  +  PALLADIUM 


T  empe  r&ture 


COPPER  +  PEATINtTM 


Electric  resistivity,  ohm  cm  x  10 
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ELECTRIC  RESISTIVITY  --  COPPER  +  PLATINUM 


PROPERTIES  OF  NICKEL  +  COPPER  +  X 
(K-Monel) 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . 

528  lb  /ft^ 
in 

8.  46  g/cm^ 

Melting  Point . . 

Heat  of  Fusion  .  .  *  •  . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  ,  .  . 

2900  “  R  * 

1610”K  ♦ 

*  Metals  Handbook  (Ref.  48- 

11) 

REPORTED  VALUES 

Density: 

g/cm* 

c 

527.9 

8.  456 

□ 

528 

8.46 

Moltinf!  Point: 

•R 

•K 

Heat  ol  Fusion; 

mu/ib„^ 

ual/g 

Hc4l  of 

f.at;on: 

utu,;>i 

eal;  g 

Keiit  rtf 

SubUinatton : 

n.u,  ib,„ 

cal.'B 
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SPECIFIC  HEAT  —  NICKEL 


Thermal  conductivity,  cal/sec  cm  °K 
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THERMAL.  CONDUCTIVITY  --  NICKEL  ^ 


HWAL  CON'DUCTIVJTY  --  NICKEL  +  COPPER  +  X 


T  emperatar  e 


LDiEAil  THERMAL  EXPANSION  --  NICKEL  +  COPPER  +  X 
_ (K- Monel) 


LINEAR  THERMAL  EXPANSION  --  NICKEL  +  COPPER 

(Monel) 


Reflectivity,  per  cent 
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SPECTRA.L  EMISSrVITY  —  NICKEE  +  COPPER  +  ALUMINUM 

(K  -  Monel) 


EMISSIVITY  —  NICKEi.  +  COPPER  +  ALUMINUM 
(K-Monel) _ _ 


EKtlSSIVITY  —  NICKEL  +  COPPER 
(Monei)  _ 


ELECTRIC  RESISrrVITY  --  NICKEL  +  COPPER 


PROPERTIES  OF  NICKEL  +  MOLYBDENUM  +  CHROMIUM  +  X 
(Hastelloy  C) 


MOST  PROBABLE  VALUES 


-  '  —  - 1 

Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  55%  Ni  .... 

Melting  Point . 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

558  lb  /ft^ 
m 

8.  95%  g/ cm^ 

REPORTED  VALUES 

Density: 

g/cm’ 

0 

556.9 

8.981 

a 

558 

8.94 

Mehing  Point:  *R  'K 


Heal  of  Funlmi: 


eal/g 


ntuv  \h 

m 


H<»At  of 
S^ibUmatton- 


mu,  lb 

m 


cal.  (t 


I 


S0-i89 
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PROPERTIES  OF  NICKEL  +  MOLYBDENUM  +  X 
_  (HastelloyB) 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  .  .  .  ..... 

Melting  Point  ...... 

Heat  of  Fueion . 

Heat  of  Vaporization.  ,  . 

Heat  of  Sublimation  .  .  . 

577  lb,,,/ ft' 

3050”  R 

9.  Z4  g/cm-^ 

1690"K 

REPORTED  values 

□  577 

i  c 

9. 

Me'tir.K  PjinC:  *U 

0 

'K 

lb9  3 

I 

I 


H<»<  bI  Fu.Ipm: 

lltu.  ltt,„ 

e 

Hoa4  of 

atu/K.^ 

V  ^.1  f  ^  a  ^  1 ;  0  n : 

(Vf 

IHu. 

IT* 

tal/g 

WADC  TH 


PROPERTIES  OF  NICKEL  +  MOLYBDENUM  +  X 
(Hastelloy  B) 
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S  OF  NICKEL  +  MOLYBDENUM  +  CHROMIUM 


THERMAl-  CONDUCTIVITY  —  NICKEL  +  MOLYBDENUM  +  IKON  + 
_ _ (Ha.»telloy  B) 


SPECTRAL  EM-ISSIVITY  --  NICKEL  +  MOLYBDENUM  +  CHROMIUM  +  X 
_ _ (Ha.»teIloy  C) 


SPECTRAL  EMISSIVITY  --  NICKEL  +  MOLYBDENUM  +  CHROMIUM  +  X 
_ _ (Hastelloy  C) 
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Temperature 


MOLYBDENUM  +  CHROMIUM 
-iaetelloy  C) 


Temperature 


EMISSrViTY  --  NICKEL  +  MCLYBDENU^l 
_  (Hastelloy  B) 


r>jrr>uR  T sj^wr ' 


JLinear  thermal  expansion,  per  cent 
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LINEAR  THERMAL  EXPANSION  --  NICKEL  I-  MOLYBDENUM  +  X 

(Hastelloy  C) 


LINEAR  THERMAL  EXPANSION  --  NICKEL  +  MOLYBDENUM 

(Haatelloy  B) 


LINKAR  THERMAL  EXPANSION  —  NICKEL  +  MOLYBDENUM 
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PROPERTIES  OF  NICKEL  +  COBALT  +  CHROMIUM  +  X 


MOST  PROBABLE  VALUES 


Prope  rty 

Brit,  Engineering  Units 

C.  G.  S.  Units 

Denoity  ,  Nimonic  100  .  . 

500  Ib  /ft* 
m 

8.  0  g/ cm* 

Melting  Point,  Nimoni*:  100 

2920  ’R 

1620 ‘K 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

REPORTED  VALUES 

DenaityJ 

Ib^/ft* 

m 

g/cm* 

0  502 

8.04 

□  545. 2 

8.734 

^  538. 7 

8.629 

0  554. X 

8.875 

V  536. 3 

8.  590 

0  513 

8.  21 

MoltinR  Point: 

•R 

•K 

O  2912+63 

1618  +  35 

Heat  of  Fusion: 

Btu/tb„ 

cal/g 

Heat  of 

Y.iporization; 

Btu/lb^ 

cal/g 

Heat  of 

Sublimation: 

Blu/lb^ 

cal/g 
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CONDUCTIVITY  --  NICKEL  +  COBALT  +  CHROMIUM  +  X 


LINEAR  THERMAL  EXPANSION  --  NICKEL  +  COBALT  +  CHROMIUM 
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’W’JTH' 


▼■\/Tr'U^T\'''wywV'^rV^T/'HVTCT?^y^irH3i^^V^VRW^SCBlPP^ 


99-!07r 

VAQC  TR  98-476 


L'PCTRIC  RESISTIVITY  --  NICKEL  +  COBALT  +  CHROMIUM  +  IRON  + 


NICKEL  +  COBALT 


THERMAL  CONDUCTIVITY  --  NICKEL  +  COBALT  +  X 


PROPERTIES  OF  NICKEL  +  IRON  +  CHROMIUM  +  X 


Denaity; 


Melting  Point: 


Heat  of  Fusion: 


Heat  of 
Vaporization: 


Heat  of 
Sublimation: 
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MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  58%  Ni  .... 

^^elting  Point  ...... 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

509  lb  /ft* 
m 

8.  15  g/cm* 

REPORTED  VALUES 


lb„/ft> 

m 


508.9 


g/cm’ 
8.  152 


•K 


Btu/lb„ 


cal/g 


Btu/lb, 


cal/g 


Btu/lb, 


cal/g 
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CHROMIUM 


LINEAR  THERMAJL  EXPANSION  --  NICKEL  +  IRON  +  CHROMIUM  +  X 


SPECCFIC  HEAT  —  NICKEL  +  IRON 


THERMAL  CONDUCTIVITY  --  NICKEL  +  IRON  +  MOLYBDENUM 


THERMAL  CONDUCTIVITY  --  NICKEL  +  IRON  +  X 


SPECTRAL  EMISSrVITY  —  NICKEL  +  IRON 
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ELECTRIC  RESISTIVITY  --  NICKEL  +  IRON 
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PROPERTIKS  OF  NICKEL  +  CHROMIUM  +  IRON  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit. 

Engineering  Units 

C.  G.  S,  Units 

. 

Density,  Inconel  X  .  .  . 

515  1b  /ft’ 
m 

8.  25  g/cm^ 

Melting  Point>  Inconel  X  . 

3030 

•R 

1680 ’K 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

REPORTED  VALUES 

Density: 

g/cm’ 

O 

5i9 

8.47 

D 

515.  3 

8.  254 

V 

515 

8.  25 

0 

539 

8.47 

Cl 

524 

8.40 

o 

512 

8.  20 

o 

509 

8.  15 

Melting  Point: 

•R 

•K 

h 

3030  +  30 

1683  +  15 

0 

2810 

1555 

Heat  of  Fusion: 

Bti'/lb 

m 

cai/g 

Peat  of 

Vaporl  zation: 

Btu/lb 

xx\ 

cab  g 

Heal  of 

Sobltmation: 

(Uu/lb 

m 

ca!/g 
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PROPERTIES  OF  NICKEL  +  CHROMIUM  +  IRON  +  X 


CHROMIUM 


THERMAL  CONDUCTiyiTY  --  NICKEL  +  CHROMIUM  +  IRON  +  X 
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EMISSIVITY  —  NICKEL  +  CHROMIUM  +  IRON  +  X 
_ (Inconel  B) _ 


SPECTRAL  EMISSIVITY  -  NICKEL  +  CHROMIUM  +  IRON  +  X 
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EMISSrVITY  —  NICKEL  +  CHROMIUM  +  IRON 


T  »!n)p«(ratur*! 


EMISSIVITY  --  NICKEL  +  CHROMIUM  +  IRON 
(Nimonic  75) _ 


V>, 


LINEAR  THERMAL  EXPANSION  --  NICKEL  +  CHROMIUM  +  IRON  +  X 


LINEAR  THERMAL  EXPANSION  --  NICKEL  +  CHROMIUM  +  IRON  +  X 


r  ■ 


ELECTRIC  RESISTIVITY  —  NICKEL  +  CHROMIUM  +  IRON  +  X 

Inconel  _ _ 


MELTING  POINT  --  NICKEL  +  CHROMIUM  +  MOLYBDENUM 


I  PROPERTIES  OF  NICKEL  CHROMIUM  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

Density . 

Melting  Point . 

Heat  of  Fusion  .... 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

5  10  lb  /ft’  ♦ 
m 

C.  G.  S.  Units 


8.  1  g/cm 


»  * 


♦Value  for  "Evanohm";  for  others  see  Reported  Values  below. 


REPORTED  VALUES 


Density: 

g/cm’ 

c 

510 

8.  1 

□ 

521 

8.  35 

556.9 

8.92  1 

Melting  Point: 

°R 

•X 

Heat  of  Kmion; 


cal/g 


Meat  of 
Vaporfr.atlon: 


Btu/lb 


cal 
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Heat  \?( 
SubHtnatU'n: 


c  aI 
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WAUC  TU 


Temperature 


SPECIFIC  HEAT  --  NICKEL  +  CHROMIUM  +  X 
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MELTING  POINT  --  TUNGSTEN  +  NIOBIUM 


PROPERTIES  OF  TUNGSTEN  +  NICKEL  +  X  | 


Property 


Density  90%  W 


Meiting  Point  .  .  . 


Heat  of  Fusion 


Heat  of  Vaporization 


Density: 


Melting  Point: 


Heat  of  Fusion: 


Heat  of 
Vaporization: 


Heat  of 
Sublimation: 


MOST  PROBABLE  VALUES 


Brit.  Engineering  Units  C.  G.  S.  Units 


1060  Ib  /ft* 


Heat  of  Sublimation  .  . 


REPORTED  VALUES 


1045  +  15 


16.  8  +  0.  3 


Btu/lb„ 


Btu/ib_ 


8tu/lb, 
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XPANSION  --  TUNGSTEN  +  COPPER  MIXTURE 


Linear  thermal  expansion,  per  cent 
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PROPERTIES  OF  MOLYBDENUM  +  NICKEL  +  COPPER 
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Melting  Point 
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MOST  PROBABLE  VALUES 


Brit.  Engineering  Units  C.  G.  S.  Units 


Density  54%  Mo  ....  570  lb  /ft* 
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Heat  of  Vaporization  .  »  . 
Heat  of  Sublimation  ♦  .  . 
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DENSITY  --  NIOBIUM  +  TITANIUM  +  MOLYBDENUM 


ELECTRIC  RESISTIVITY  --  NIOBIUM  +  TITANIUM 
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I  PROPERTIES  OF  CHROMIUM  +  MOLYBDENUM  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G,  S.  Units 

Density  60%  Cr  .... 

Melting  Point . 

Keat  of  Fusion . 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

490  lb  /ft’ 

m 

7.9  g/cm’ 

REPORTED  VALUES 

Density: 

lb  /ft’ 
m 

g/cm’ 

0  491 

7.  87 

Melting  Point: 

'R 

°K 

Heat  of  Fusion: 

Btu/lu 

m 

cal/g 

Heat  of 

Vaporization: 

Btu/lb 

m 

cal/g 

Heat  of 

Sublimation: 

Btu/lb 

m 

cal/g 
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THERMAL  CONDUCTIVITY  --  ALUMINUM  +  SILICON  +  X 


LINEAR  THERMAL  EXPANSION  --  ALUMINUM  +  SILICON  +  MAGNESIUM 


ELECTRIC  RESISTIVITY  --  ALUMINUM  +  SILICON  +  MAGNESIUM 


Temperature 


LINEAR  THERMAL  EXPANSION  --  ALUMINUM  +  SILICON  i-  IRON  +  X 


LINEAR  THERMAL  EXPANSION  --  ALUMINUM  +  SILICON  +  NICKEL  +  X 


THERMAL  CONDUCTIVITY  ALUMINUM  +  MAGNESIUM 
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Reflectivity,  per  cent 
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Linear  thermal  expansion,  per  cent 


<1 


^  -I 


• 


IfAOC  TK  58.4V6 


'  /•  A  .V 

''V-  Av'-'  "  '■*  I-' ' 

V.'  V  'A'-.  w'.  %  •;  - 


)Ui>d  j»(l  ‘uoituvdKa  jvduf’^ 


LINEAR  THERMAL  EXPANSION  --  ALUMINUM  +  MAGNESIUM 


ELECTRIC  RESISTIVITY  --  ALUMINUM  +  MAGNESIUM 
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SPECIFIC  HEAT  --  ALUMINUM  +  ZINC  +  X 


EMISSIVITY  —  AI-UMINUM  +  ZINC  +  X 
(Alloy  7075) _ 


Linear  thermal  EXPA^BION  --  aluminum 
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ELECTRIC  RESISTIVITY  --  ALUMINUM 
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I  PROPERTIES  OF  ALUMINUM  +  SILVER  | 
MOST  PROBABLE  VALUES 


Brit.  Engineering  Units 

C.  G.  S.  Units 

180  lb  /ft^  * 
m 

2.9  g/cm^  ♦ 

Property.  Brit.  Engineering  Units 

Density .  180  *  2- 

Melting  Point . 

Heat  of  Fusion  ..... 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

♦Value  for  10%  Agj  for  others,  see  Reported  Values  below. 


Melting  Point: 


He.tt  of  Fusion: 


Meat  of 
V.toiirization: 


Heat  of 
Sublimation: 
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REPORTED  VALUES 
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Nominal 
Composition,  % 
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SPECTRAJL  EMISSrviTY  --  ALUMINUM  +  SILVER 


ELECTRIC  RESISTIVITY  --  ALUMINUM  +  SILVER 


THERMAL  CONDUCTIVITY  --  ALUMINUM  +  NICKEL  +  X 


heat  treatrrient  at  300 


?'/'VV 


Linear  thermal  expansion,  per  cent 


LIMEAR  THERBAAL  EXPANSION  --  ALUMINUM  +  BERYLIJUM  +  X 


— _ _ *. 
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Ln^'EAR  THERklAL  EXPANSION  --  ALUMINUM  H 


Temperature 


ELECTRIC  RESISTIVITY  —  ALUMINUM  +  NICKEL 


I  PROPERTIES  OF  MAGNESIUM  +  ALUMINUM  +  ZINC  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

Density . . 

1 11  lb  li\}  ♦ 
m 

Melting  Point . 

ISOS^R  * 

Heat  of  Fusion  .  .  .  .  ♦ 

2  46  Btu/lb  * 
m 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

C.  G.  S.  Units 


1 . 78  g/cm  ♦ 
838”K  * 

81  cal/g  * 


*3%  Al;  1%  Zn 


REPORTED  VALUES 
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SPECIFIC  HEAT  --  MAGNESIUM  +  ALUMINUM 


Temperature 
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THERMAL  CONDUCTIVITY  --  MAGNESIUM  +  ALUMINUM  +  ZINC  +  X 


Linear  thermal  expansion,  per  cent 
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LINEAR  THERMAL  EXPANSION  --  MAGNESIUM  +  ALUMINUM  +  ZINC 


ELECTRIC  RESISTIVITY  --  MAGNESIUM  +  ALUMINUM 
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Temperature 


THERJirlAL  CONDUCTIVITY  --  MAGNESIUM  +  A.LUMINUM  +  X 


Reflectivity,  per  cer.f 
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aPECTRAL.  EMISSrviXy  --  MAGNESIUM  +  AX-UMINUM 
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SPECIFIC  HEAT  --  MAGNESIUM 


Temperature 


Linfa*'  thermal  expansion,  per  cent 
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LOiEAR  THERMAL  EXPANSION  -  -  MAGNESIUM  +  RARE  EARTH  +  X 

(2-5%  rare  earths) 


Temperature 


El-ECTRIC  RESISTIVITY  --  MAGNESIUM  +  RARE  EARTH  +  ZINC 
_ AUov  EZ-33A _ 


ELECTRIC  RESISTIVITY  --  MAGNESIUM  ^  RARE  EARTHS  +  X 

Alloy  EK-30A  _ 


EUECTRIC  RESISTIVITY  --  MAGNESIUM  +  RARE  EARTHS  + 


MAGNESIUM  +  iHOR.IUM 


PROPERTIES  OF  MAGNESIUM  I  THORIUM  +  X 


LINEAR  THERMAL  EXPANSION  --  MAGNESIUM  +  THORIUM 


LINEAR  THERMAL  EXPANSION  --  MAGNESIUM  +  THORIUM  + 
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ELECTRIC  RESISTIVITY  --  MAGNESIUM  +  THORIUM  +  X 
_ Alloy  HK-31 _ 
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M^L/rmc  POINTS  or  magnesium  +  zinc  +  mischmetal 


SPECIFIC  HEAT  —  MAGNESIUM  +  ZINC  +  X 


LINEAR  THERMAL  EXPANSION  --  MAGNESIUM  +  ZINC  +  X 
4-7^  Zn  (ZK60A) _ 


THERMAL  CONDUCTIVITY  --  TITANIUM  +  ALUMINUM  +  X 


SPECTRAL  EMISSIVITY  —  TITANIUM  +  ALUMINUM  +  VANADIUM 
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EMISSrVITY  --  TITANIUM  +  ALUMINUM  +  X 


LINEAR  THERMAL  EXPANSION  --  TITANIUM  +  ALUMINUM 


ELECTRIC  RESISTIVITY  --  TITANIUM  +  ALUMINUM 
(0  -  10%  Al) 


ELECTRIC  RESISTIVITY  --  TITANIUM  +  ALUMINUM 
{10  -  22%  Al) 


ELECTRIC  RESISTIVITY  --  TITANIUM  +  ALUMINUM 


Thermal  conductivity,  cal/scc  cm  •K 
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CONDUCTIVITY  —  TITANIUM  +  MANGANESE  +  X 


EMISSrVITy  --  TITANIUM  +  MANGANESE 


THERMAL  EXPANSION  --  TITANIUM  +  MANGANESE 


ELECTRIC  RESISTIVITY  —  TITANIUM  +  MANGANESE  + 
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PROPERTIES  OF  TITANIUM  +  VANADIUM  t  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . . 

Melting  Point  ...... 

Heat  of  Fusion  ..... 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

308  lb  /ft^ 
m 

3420* R  * 

4.  94  g/cm^ 

1900'*K  * 

*  Constitution  of  Binary  Alloys  (Ref.  58-11) 

REPORTED  VALUES 

Penalty; 

lb  /ft* 
ni' 

O  308 

g/cm* 

4.94 

Melting  Point: 

"R 

‘K 

Heat  of  Fusion; 

Btu/lb„ 

m 

cal/g 

Heat  of 
\  .Hporizatlon; 

Btu/lb  , 

Cttt/g 

Heat  of 

Sublimation: 

Btu/lb,„ 

cal/g 
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SPECTRAL,  EMISSIVITY  --  TITANIUM  +  VANADIUM 
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LINEAR  THERMAL  EXPANSION  --  TITANIUM  +  VANADIUM 


THERMAL  CONDUCTIVITY  --  TITANIUM  +  CHROMIUM  +  X 
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CONDUCTIVITY  --  TITANIUM  +  IRON  +  CHROMIUM 


ELECTRIC  RESISTIVITY  --  TITANIUM  +  IRON  +  CHROMIUM 


SPKCIFIC  HEAT  --  TITANIUM  + 


T  KTnp^xat 


Electric  resistivity,  ohm  cm  x 
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ELECTRIC  RESISTIVITY  --  TITANIUM  H 


ESISTIVITY  --  TITANIUM 
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Vn,  Kf.  .’>n  also  present  as 


DENSITY  --  TITAWIUM  H 


DENSITY  --  TITANIUM  +  TANTALUM 


TITANIUM  +  TUNGSTEN 


Linear  thermal  expansion,  per  cent 


ELECTRIC  RESISTIVITY  --  TITANIUM  +  COPPER 


EUECTaiC  RESISTIVITY  --  TITANIUM  +  GERMANIUM 


ELECTRIC  RESISTIVirY  --  T'TANIUM  +  HYDROGEN 


Electric  resistivity,  ohm  cm  x  10 
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EIXCTPJC  RESISTIVITY  --  TITANIUM  +  TIN 


ELECTRIC  RESISTIVITY  —  TITANIUM  +  ZIRCONIUM 


Linear  thermal  expansion,  per  cent 
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[  PROPERTIES  OF  GOLD  +  CADM lUMj 
MOST  PROBABLE  VALUES  ♦ 


Property 


Heat  o£  Fuiion  .  .  . 
Heat  of  Vaporization. 
Heat  of  Sublitnatio-'  . 
*  For  nominal  AuCo 


Density: 


Melting  Point: 


Htat  ef  Fusloni 


Heat  of 
VapofUattoni 


Heat  of 

Sviblitnatlon: 


Brit.  Engineering  Units 

C.  G.  S.  Units 

868  lb  lit} 
in 

1620*R 

25  Btu/lb 

m 

1  3.9  glctx} 

900*K 

14  cal/g 

REPORTED  VALUES 


lb„/ft» 

m 


SI ‘740 

WADd  TU  S«.74t 


871.5 

904.6 
868.44 


Btu/18^ 

0  54.9  4  1.4 


8ttt/lb. 


Btu/t8„ 


g/cm* 

13.96 

14.49 

U.9U 


cai/t 

13.8  4  0.8 
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VAPOR  PRESSURE  --  COLD  *■  CADMIUM 
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PROPERTIES  OF  GOLD  +  NICKEL 


Property 

Brit.  Engineering  Units 

BB3EBDH 

Denuity,  10.a6fi)Ni  .  .  . 

Melting  Point,  10%  Ni  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

106-  lb  /ft* 
m 

2220 “R  * 

17. 06  g/ cm* 

U50*K  * 

Constitution  of  Binary  Alloys  (Ref.  58-11). 


REPORTED  VALUES 
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PROPERTIES  OF  GOLD  +  MANGANESE  +  X 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Deneity  9%  Mn . 

Melting  Point  9%  Mn  .  . 

Heat  of  Fution . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

990  lb  /ft* 
m 

2220  “R  * 

15,  9  g/cm^ 

1230  ‘K  * 

♦  Constitution  of  Binary  Alloys  (Ref.  58-11) 

REPORTED  VALUES 

Density; 

O  990 

g/cm* 

15.86 

Meltlns  Point: 

•R 

•K 

Heat  of  Fusion; 

Btu/lb^ 

cal/g 

Heat  of 

Vaporisation: 

Btu/lb„. 

cal/g 

Heat  of 

Sublimation: 

Btu/lb^ 

eai/g 
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PROPERTIES  OE  GOLD  +  IRON 
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PROPERTIES  OF  GOLD  +  URANIUM 
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MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Deneity  9. 3^%  U  .  .  .  . 

Melting  Point  9%  U  .  .  . 

Heat  of  Fuaion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

1160  lb  /ft’ 
m 

2030 ‘R  ♦ 

- 

18.  6  g/cm^ 

il30*K  * 
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SPECTRAL  EMIS2IVITY  --  GOLD  +  ZINC 
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VAPOR  PRESSURE  --  COLD  *■  SILVER 


Silver,  per  cent 
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CONDUCTIVITY  --  SILVER  +  CADMIUM 


THZaUAi,  COJaStrCTIVITY  --  SILVER  +  PALLADIUM 


Temperature 


Electric  resistivity*  ohm  cm  x  10 
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ELECTRIC  RESISTIVITY  --  SILVER  +  PALLADIUM 
(10-50%  Pd) 


PROPERTIES  OF  SILVER  +  ZINC 


MOST  PROBABLE  VALUES 


See  graph  of  p  versus  Composition,  Sheet  60-168. 


REPORTED  VALUES 


Density: 


lb_/ft» 

m 


Melting  Point! 


Heat  of  Fusion! 


O  41. 0^  +  1.76 


eal/g 

U,^9  ^  0.98 


Heat  of 
VaporiBatlon: 


cai/g 


Heat  of 
SubUmatinn: 


Btu/lb„ 


SPECTRAL  Elitl^r/rTY  --  SILVER  +  ZINC  +  X 


tKKRMAl,  EXPANSION  --  SILVER  ^  GOLD 


:NEAP.  thermal  EXPAI^SION  -  -  SILVER  +  LEAD 


VAPOR  PRESSURE  --  SILVER  +  MAGNESIUM 
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ELECTRIC  RESEgTIVlTY  --  SILVER  +  PLATINUM 
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M£L.TING  POINT  --  PALLADIUM 
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PROPERTIES  OF  PALLADIUM  +  URANIUM 


MOST  PROBABLE  VALUES 


Property  Brit.  E 

Density . 

Melting  Point  UPdj  .  .  .  3440 'R 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  ,  , 


Density: 


Melting  Point : 


Heat  of  Fusion; 


Heat  of 
Vaporization: 


Heat  of 

Sublltnation; 


Brit.  Engineering  Units 

C.  G.  S.  Units 

3440 ‘R 

1910 ‘K 

REPORTED  VALUES 


Btu/lb„ 


Btu/lb„ 
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LJWE:AR  THERMAI,  EX?»AMSI0N  --  PALLADIUM  +  NICKEL 


EEJECTRIC  RESISTIVITY  —  PALLADIUM  +  SILVER 
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59-402 
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Temperature 


EXPANSION  —  MANGANESE  +  COPPER 
<5  -  25%  Cu) _ 


THERMAL  EXPANSION  --  MANGANESE  +  COPPER 
(30  -  50%  Cu) 


LINEAR  THERMAL  EXPANSXJN  —  MANGANESE  +  NICKEL  +  COPPER 
(48  -  57%  Mn) 
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Temperatare, 
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PROPERTIES  OF  URANIUM  +  CHROMIUM 


MOST  PROBABLE  VALUES 


Props  ity 

Density  5. 6%  Cr  ... 
Melting  Point  5. 6%  Cr  . 

Heat  of  Fusion  ' . 

Heat  of  Vaporization  •  .  . 
Heat  of  Sublimation  .  ,  , 


Brit.  Engineering  Units 


1097  lb  /ft* 
m 


2040 ‘R 


C.  G.  S.  Units 
17.  57  g/om* 
1130*K 


REPORTED  VALUES 


Density; 


Melting  Point; 


lb„/ft* 

g/cm* 

o 

1089 

17.44 

a 

1087 

17.41 

A 

1077 

17.25 

o 

1097 

17.57 

V 

1078 

17.26 

0 

1096 

17.56 

0 

1080 

17.3 

•R 

•K 

2038  4  20 

1132  4  10 

Heat  of  ruiton; 


8ta/lb. 


Heat  of 
Vaporlaation; 


Heel  of 
Sublimation  1 


Bttt/lb. 


bO-22} 

WADC  TR  S«^7b 


vj  •  r  .  I 


WJCTR 


Uranium,  per  cent 


Tt* 

O  « 
N 


^  O 

rg  rg 

I  I 


Density, 


g/cm 


3 


CO 


I 


sO 


I 


I 


O  CO 

I  !  O 

CO 


o 

fO 


o 

vn 


o 

in 


§ 
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Molybdenum,  per  cent 


DENSITY  --  URANIUM  +  MOLYBDENUM 


PROPERTIES  OF  URANIUM  +  MOLYBDENUM  +  X 


Property 

Brit,  Engineering  Units 

C,  G.  S.  Units 

Denaity . 

Melting  Point  95%  U  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

2300 ‘R 

1280 “K 

Den»ity; 


Melting  Point; 


Heat  of  Fmtoni 


Heat  of 
Vaporinatton; 


Heat  of 
Sublimation: 


REPORTED  VALUES 


Btu/lb, 


Btu/lb„ 


Btu/lb, 


PROPERTIES  OF  URANIUM  +  MOLYBDENUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  C.  S.  Units 

Deneity  10%  Mo  ,  .  . 

Melting  Point  12%  Mo 

Heat  of  Fualon . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  ,  . 

1080  lb  /ft’ 
m 

^560“R 

17.  3  g/ cm’ 

1420°K 

REPORTED  VALUES 


Melting  Point! 


g/cm* 

O 

1061 

17.0 

□ 

1069  +  1 

17.  12  +  0.02 

A 

1080 

17.  3 

o 

1053  +  7 

16.  86  +  0.  12 

•R 

*K 

o 

2561 

1423 

Heat  of  Fmton! 


Btu/lb„ 


Heat  of 
Vapofleatlon! 


Btu/lb„ 


Heat  of 
Sublimation! 


Btn/lb„ 


SPECIFIC  HEAT  --  URANIUM  *■  MOLYBDENUM 


T  Cl  r  « 


LINEAR  THERMAL  EXPANSION  —  URANIUM  +  MOLYBDENUM 

(7  -  8%  Mo) 


EI-ECTRiC  RJESISTIVtTY  --  URANIUM  ♦  MOLYBDENUM 


Uranium,  per  ce;it 


Density,  g/cm^ 


*M|*uaa 

60-16^ 

WADC  TR  SR-476 


R*lfc  4.>l  4>l  kV  a*  - 


PROPERTIES  OF  URANIUM  +  ZIRCONIUM  +  X 


Temperature 


Linear  thermal  expansio 


£utectoid 

tranef. 


Teinperztare 


Tcfnper«tar« 


niity; 


Melttng  Point! 


of  Fmlon; 


Httt  oi 
V>Porli8«Honi 


Hc«l  ot 
SubltmgtldMi 


REPORTED  VALUES 


849 


•R 

J057  +  45 


m 


BtuAb.. 


Ittu/ib, 


m 


50-2)6 

WAUC  TR  58-4T6 


g/cm’ 

13.6 


•K 

1648  4  a.5 


c«l/( 


C6l/g 


C4l/| 


PROPERTIES  OF  URANIUM  +  IRON 

MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

Density  10.7%  Fe  .... 

Melting  Point  1 1%  Fe  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization  •  •  • 

Heat  of  Sublimation  .  •  « 

986  lb  /ft* 
m 

i800*R  ♦ 

C.  G.  S,  Units 
15.  8  g/ cm* 

1000 °K  # 


*  Constitution  of  Binary  Alloys  (Ref.  58-11) 


REPORTED  VALUES 


Density: 


Melting  Point; 


Heat  of  Puslon: 


Btu/lb„ 


Heat  of 
Vaporisation; 


Btu/lb, 


Heat  of 
Sublimation: 


Btu/lb, 


60-61 
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PROPERTIES  OF  URANIUM  +  LEAD 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  47%  Pb  .  . 

Melting  Point  47%  Pb 

Heat  of  Fusion  ..... 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

855  lb  /ft* 
m 

2800 “R 

13.  7  g/cm* 

1280  “K 

REPORTED  VALUES 

Density: 

O  855 

Melting  Point: 

•R 

0  2796 

Heat  of  Fusion: 

Btu/Ib„ 

Heat  of 
Vaporization; 

Btu/lb„ 

Heat  of 

Sublimation: 

Btu/lb^ 

PROPERTffiS  OF  URANIUM  +  MANGANESE 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density  UMn^ . 

Melting  Point  UMn2-  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

785  lb  /ft* 
m 

2500 ‘R 

12.6  g/ cm* 

1390*K 

Denaity: 


Melting  Point: 


REPORTED  VALUES 


g/cm* 

O 

1110 

17.8 

□ 

784.7 

12.  57 

A 

784.7 

12.57 

0 

1110 

17.8 

V 

1110 

17.8 

0 

780 

12.  5 

Q 

790.3 

12.66 

•R 

•K 

0 

1798 

999 

□ 

2507 

1393 

Heat  of  Fuaion:  Btu/lb 


cal/g 


Heat  of 
Vaportaation; 


Btu/lb 

m 


cal/g 


Btu/lb 

m 


Heat  of 
Sublimation; 


cal/g 


PROPERTIES  OF  URANIUM  +  NICKEL 


WADC  TK  58-476 


VI  -  F 


PROPERTIES  OF  URANIUM  +  NIOBIUM 


MOST  PROBABLE  VALUES 


Brit.  Engineering  Unite 


C.  G.  S.  Unite 


2830 ’R 


1570 'K 


PROPERTIES  OF  URANIUM  +  PLUTONIUM  +  X 


MOST  PROBABLE  VALUES 


“•rf' 


Property 

Brit.  Engineering  Units 

- 1 

C.  G.  S.  Units 

Density.  ........ 

Melting  Point  80%  U  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

2l70‘R 

1210’K 

REPORTED  VALUES 

Density: 

MeUing  Point: 

♦R 

0  2166 

Heat  of  Fusion: 

Blu/lb^ 

Heat  of 
V«>»orlekliont 

«lu/lb^ 

Heal  of 

Sublimation; 

8lu/lb^, 

WAUC  TR  SB -476 


VI  .  ¥ 


PROPERTIES  OF  URANIUM  +  THORIUM  +  ZIRCONIUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Deniity . 

Melting  Point . 

Heat  of  Fuaion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  ,  .  . 

2659  "R  ♦ 

1477 'K  ♦ 

♦Value  for  33.  3%  U,  33.  3%  Th.  33.  3%  Zr. 


REPORTED  VALUES 


Dentlty; 


Melting  Point: 


Ib_/ft> 

in 


He*t  of  Fuiion; 


Btu/lb„ 


Heat  oi 
Vaporltailon: 


Bttt/lb, 


Heat  of 
Subiimatlon; 


Btu/tb- 


WADC  TK 


Temperature, 


KLECTRIC  RESISTIVITY  --  SILICON  +  PHOSPHORUS 


per  cent 


Density,  g/cm 


O  00  sO  tfi 

O  »  .  I . .  .  I . .  .1 _ _  .1 .  _  .  ,  ,  I. 

N 


O 


O 

in 


o 

>0 


o 


e 

CO 


60-IT6 

WADC  TR  Sd-476 


0001 


I  PROPERTIES  OF  BISMUTH  -I-  URANIUM  | 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Unite 

C.  G.  S.  Unite 

Deniity  UjBU  .... 

Melting  Point  U3Bi4  .  . 

Heat  of  Fuaion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

786  lb  /it' 
m 

2560 ‘R 

12.  6  g/ cm’ 

1220 ‘K 

REPORTED  VALUES 

Material 

Deneity: 

lb„/lt* 

s/cm* 

Compoaition 

0 

772.9 

12.38 

UBij 

□ 

780.6 

12.59 

UjBl4 

A 

849 

13.6 

UBi 

V 

771.0 

12.35 

UBij 

0 

786.0 

12.59 

U,Bi4 

0 

719.2+  12 

11.52+0.2 

U4BI5 

Melting  Point: 

•R 

•K 

0 

2310 

1233 

UBI, 

□ 

2562 

1423 

U,Bi4 

A 

3057  +  45 

1425  +  25 

UBI 

Ke«t  of  Futioni 

BtuAbn» 

C«l/| 

Hitt  ot  A4.  .  i 

VtporltMloni 


of  A.  .  * 

SubllmoUoni  ®*“^**i«  ««1/| 


PROPERTIES  OF  CADMIUM  +  SILVER 


^  ■ 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Density . 

Melting  Point . 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

1558‘R  ♦ 

32.  8  Btu/lb  ♦ 
n\ 

865 ‘K  ♦ 

18. 2  cal/g  ♦ 

•Value  for  68. 4%  Cd. 

REPORTED  VALUES 

Density: 

lb  /ft* 

TXk 

g/cm* 

Mollina  Point; 

»R 

O  tSS8 

•K 

865 

Heat  of  Fuel  on; 

Utu/lt 

m 

oal/| 

0  >2.8  4  i.  6 

18.2  4  1 

Meat  of 

Vaportaation; 

ttio/ib 

Ifl 

c*l/« 

Meat  of 

Suttlimatiooi 

lUu/tb 

m 

cal/* 

m 


PROPERTIES  OF  LEAD  +  PLUTONIUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Unit* 

Deniity . 

.  - 

Melting  Point  PuPbj 

.  .  2010 *R 

Heat  of  Fucion  .  .  . 

•  • 

Heat  of  Vaporization . 

•  • 

Heat  of  Sublimation  . 

•  • 

REPORTED  VALUES 


Deniity : 


m 


Metting  Point: 


o<  Pmtoni 


BtuAb., 


V»uorU«Uon! 


H(«l  of 


0iu/tb„ 


WAOC  TH  S«>4T4 


PROPERTIES  OF  OSMIUM  +  PLUTONIUM 


PROPERTIES  OF  PLUTONIUM  +  OSMIUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  C.  S.  Units 

Density  3%  6p  .  .  .  .  . 

Melting  Point  3%  Os  .  . 

Heat  of  Fusion . 

Heat  of  Vaporization .  .  . 

Heat  of  Sublimation  .  .  . 

1140  lb  /ft’ 
m 

1480  *R  * 

18.  3  g/cm’ 

820 ‘K  * 

*  Constitution  of  Binary  Alloys  (Ref.  58-11). 


REPORTED  VALUES 


Density: 

g/cm' 

O 

1140 

18.3 

Melting  Point; 


•R 


•K 


Heat  of  Fusion!  Btu/lbj^ 


cal/g 


Heat  of 
Vaporisation! 


Btu/lb^^ 


cal/g 


Heat  of 
Sublimation! 


Btu/lb^ 


cal/g 


60-75 

WADC  TR  58-476 


VI 


PROPERTIES  OF  PLUTONIUM  +  X 


>  _ — 1 

MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  G.  S.  Units 

Denaity  Pu  Fej  .... 

786  1b  /ft* 
m 

12.  6  g/cm* 

Melting  Point  Pu  Fei 

2700 ‘R 

1500 ‘K 

Heat  of  Fusion . 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  .  . 

REPORTED  VALUES 


Density: 

lb  /ft’ 
m 

g/cm’ 

0 

1068 

17.  1 

□ 

785.0 

12.  59 

A 

749 

12.0 

Meltinn  Point; 

•R 

•K 

□ 

2706 

1503 

A 

2382 

1323 

Heat  of  Fmton: 


Btu/lb 

m 


oal/g 


Heat  of 
Vaporlaatlon; 


Btu/lb 

m 


cal/g 


Heat  of 
Subilmationi 


Btu/lb 

m 


cal/g 


PROPERTIES  OF  TIN  +  URANIUM 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

C.  C.  S.  Units 

Density  60%  Sn  .... 

Melting  Point  60%  Sn 

Heat  of  Fusion  ..... 

Heat  of  Vaporization  .  .  . 

Heat  of  Sublimation  .  ,  . 

620  lb  /ft* 
m 

2920  ‘R  * 

9.  95  g/cm* 

1620  ‘K  * 

*  Constitution  of  Binary  Alloys  (Ref.  S8-11) 

REPORTED  VALUES 

Density; 

lb  /ft* 
m 

0  621 

g/cm* 

9.95 

Moltina  Point; 

•R 

•K 

Kest  o(  rusicn: 

Bttt/lb 

m 

c*l/i 

Heat  of 

Vaporisstlon: 

Wib 

m 

cat/g 

Heal  of 

Sublimaliont 

Btu/lb 

m 

cal/g 

PROPERTIES  OF  ZINC  +  SILVER 


MOST  PROBABLE  VALUES 


Property 

Brit.  Engineering  Units 

Denaity . . 

Melting  Point  ^  Zn  .  . 

Heat  of  Fueion  61%  Zn  . 

Heat  of  Vaporization.  .  . 

Heat  of  Sublimation  .  .  . 

1630 ‘R 

4  9  Btu/lb 

m 

905 ’K 
27  cal/g 


REPORTED  VALUES 


Oeniity; 


M<(Ui?te  Paint; 


O 


tit;  At  of  Fotion: 


O  4S.7«2. 1 


eA)/| 

iT.  1  ♦  ».J 


Me»t  of 
VastofUatton: 


M«al  of 
SublsmaHon; 


tO-72 

WAOC  TH  5«>4T6 


Temp«r*tttre 


Specific  heat>  cal/ g  “K 


60-24J 

WAOC  TH  S8-476 


0. 


specific  heat,  cal/g  'K 


M  a 
o  s 

s  I 

I  I 


u.  qi/«»a  *»«»M  »WPixte 


0‘102 

WADC  TR  SS-476 


SPECIFIC  KEAT  --  ZINC  +  SILVER 


Ten^erature 


THERMAL  EXPANSION  --  PLUTONIUM  +  ALUMINUM 


EIXCTRIC  resistivity  —  CERMAinUM  +  SILICON 


o 


Temp«ntarr. 


-v 


